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@ The inveptiQn Identtrjea the CX\M recaptor as a Hgand for the 87 entlgen. The compteta amino acid 
sequence encoding hMman CTLM receptor gene ja provided. Methods are provided for expmalng 
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reectjve with 87 and CTLA4k to regulate T cell interactlona and Immune responses mec$aied by such 
interactionst 
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Throughout thts application various publicatlonfi m reforenced. The disdosurBS of these putrftcatlons In 
their entlretieK qre hereby Incocporeied by reference into application In older to more fully descntie the 
state of the art to which this Invention pertains. 

The preaenl Invention relates to expression of CTLA4 hybrid fusion protelne, the CTIM receptor gene, 
5 Identification of the interaction between the CTUA4 receptor and cells expressing B7 antigen, and to methods 
for reoutatlno cellular interactions Involving the CTLA4 receptor end the B7 ant^en. 

PACKGROUNP OF THE INVENTION 

{ JO The hallmarlc of e veftebrate Immune system Is the ability to discriminate ^elT from "non-saT (foreign). 
This properly has lad to the evolutjpn of a system requiitng miAt\p\e signals to achieve optimal immune actl- 
vetion^Janeway, Cdd Spring Harbor Svmp. Quant. Biol 54:1.>14 (1939)). Tcel^a cell Interactions are essential 
j to the Immune resporrse, Uava|a of many coheshre molecules fbupd on T cel|s and p cells Increase during an 
1 ImmtinB response (Springer et al„ (1&67), supra; Shaw and Shtmuzu. Cunwit Opinion in immunology . Eds. 
, IS Kindt and Long. 1 :82^97 (1 988)); and Hamler Immunoiofly Today 9:1 09- 11 3 (1 988)}. Increased levels of these 
molecules may help oxplatn why activated B cells are mors effective at stlmutating antigen-specfric Toe|l pro- 
liferation than are reattng 6 calls (Ketuchl et al., J. Immunot. 131;109-114 (1983); Kreigar et al.. J. tmmupol. 
l35;2937-2945 (19B6); McKenrle, J.Immunol. 141:2907-2911 (1988); and Kawryfowlcz and Unanue. X Immu- 
noL 141:4083-^088 (1988)), 

» The generation of a T (ymphoqyte fT ce|r) immiine response Is a compfax process Involving cell-cell In- 
teraclloni (Springer ei al., A, Rev. Immunol. 5:223-252 (1987)), particularly betvween T and accessory calls 
such as B cells; and production of soluble Immune mediators (cytohines or tymphokines) (Djnarelto end Mlar, 
Nay Enqj. Jour. Mad 317:940-945 (1987)). This response Is regulated by sevemi T-cell surface receptors, Irv 
eluding the T-cell receptor complex (Weiss et al.. Ann. Rev. Immunol. 4;693-619 (1986)) end other 'accessory* 

35 surface molecules (Springer et al.. (1 987) gupra^. Many of these accessory molecules are naturally occurring 
cell surface dirferenllatlan (CD) antigens defined by the reactivity of monoclonal antibodies on the surface of 
celts (McMlchaeU ^d., Leukocyte Typing HI. Oxford Univ. Press. Oxford. N.Y (1987)). 

Antigen-independent intercellular interactions involving lymphocyte accessory moiecules are essential for 
an immune response (Springer et al., (1 987), supra) . For eiample, binding of the T cetl^-associatad protein, CPZ, 

so to its iigand l-FA-3, a widely expressed glycoprotein (reviewed in Shaw and Shlmijzu, sugra), )s important for 
optimizing antlgen-specJfic T cell activation (Moingeon at al., Nature 339;314 (1988)). 

An Important adhesion system involves binding of the UFA^I glycoprotein found on lymphocytes,' maao- 
phegea, end granulocyies (Springer et al. (1 987), supra: Shaw and Shimuru (1 888), supr^} to Its ligands ICAM- 
1 (MaKgoba at al, Nahire a3l;88-88 (1 988)) and ICAM-2 (Staunton at al.. Nature 339:61-64 (1989)). TTia T 

95 cell accessory molecules CDS and CD4 strengthen T cell adhesion by interectian with MHC class I (Normant 
et e|., Nature 336:7M1 (1988)) and class II (Doyfe and Strominger, Nature 330:256-258 (1967)) motecutaa, 
respectively. "^Homing rBoeptors* are important for control of lymphocyte mlgradon (Stootman. Cell 56:907-910 
(1989)). 

The VIA glycoproteins era integrfns which appear to mediate lymphocyte functions requiring adhesion to 

40 excraceftular matrix components (Hemlor, supra) . The C02/LFA-3, LFA-1/ICAM-1 and tCAM-2, and VLA ad- 
hesion systems are distributed on a wide variety of call types (Springer et at., (1987), supra : Shaw and Shi- 
muiu. (1988.) supra and Hamler, (1988). supra). 

Numerous in vitro studies have demonatratad that cytokines are involved tn the generation of ajloraactiVB 
effector calls. For example, membrane bound IM and soluble IL-4 reoeptor ware admimstBrad aeparataty to 

4S mice and were shown to augment the lymphoproliferatlve response OA/ll|lam C. Fanslow at al. ^Regulation of 
Alloreactivlty In vivo by IM and the soluble 11-4 receptor" J. Immunol, 147:535-540 (1991)), Specif |callyf ad- 
ministration of IL^4 to BALB\cmloe resulted in slight augmentation of the lymphoproflferathre respopsa. In con- 
trast, the soluble ll-A receptor suppressed this response to allogeneic cells In a dose dependent manner. More- 
ovar. a neutralizing antibody against 11-4 and another against soluble IL.-4 rao^tor were effective inhibitors 

so of the lymphoproDfarathre response. 

It was proposed mBuy yearn ago that 0 lymphocyte activation requires two signals (Bretscher and Cohn, 
Science 1 69; 1042-1 049 (1 $70)) and now It Is believed thai all lymphocytes require two signals for their optlrnal 
activation, an antigen specific or clonal sjgnal, as wefl as a second, antigen non-specific signal (Janeway, su- 
pra) . Freeman etaK (J. Immunol . 143 (a);2714-2722 (198B)) isolated and sequeneod a cDNA clone encoding 

55 a B celt activation antigen recognized by niAb 87 (Freeman et al., J. Immunol . 138:3280 (1987)). COS calls 
transfected with this cDNA have been shown to stain by both labeled mAb 37 and mAb BB-1 (Ctarfc et af;, Ht^ 
man Immunol. 16:100-113 (1966): YokochI et al., J. Immunol. 128:823 (1981)); Freeman et at,, (1989) supna: 
and Freedman et at,, (1987), supna) ). In addition, expression of this antigen has been detected on cells of other 
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lineages, «uch at monocytas (Freeman et ul, supra) . 

The signals required for a T Mj»r ca|| CTf) antigenic response are provided by arttlgen-preeenlino cells 
(APC). TTie fNt fifanal is Initiated by interacUon tif the T cell receptor caompIeK (Welae. X qin. Invert. 68:1 01S 
(1990)) with antigen presented in the context of daes || major hlatooompatiblllty complex (MHC) molecules on 
5 the APC (Allen, tmmunpl. Today 8:270 (1987)). TTiis antigep-apecif |c signal Is not suff Ideal to geneFBte a full 
response, and In the pbsence of a second signal may actually lead to donal inactNation or energy (Schwartz. 
Science ;?4B:i 340 (1990)). The requirementfor e second ^costlmulBtory signal provided by the MHC has been 
demonstrated In a number of experimental systems (Schwartz, supra; Weaver and UnanMe, jmnninol. Today 
11:49 (1990)). The molecular nahve of this second Bignal(8) Is not completely understDod, elthough ft Is i^aor 
I f 0 In tome cases that both soluble mbleoules such as interleukin (IM-I (VVeayer and Unarme. supra) and mem- 
brans receptors involved In intercdtular adhesion (Springer, Nature 34G;425 (1 990}) can provide eoslimulatory 
j ! signals, 

I j GD2B antigen^ e homodlmsrlc glycoprotein of the Immunoglobulin superfamily (AruTfo and Seed, Pioc. 

! Natl. Acad. Scj. B4;B573-B577 (1 907)), (s an BOcaBaary molecule found on most mature human T cells (Darhle 

j j IS ex a|„ J. Immunol. 1 31 ;2296-230Q ( 1 983)), Currant evidence suggests that this moteouje functions in an eRer- 
' ' nstfve T cell activation path«vey di^lnct from that Initiated t>y the T-ce|) receptor complex (June et al„ Mol. Cell. 

afd. 7:4472-4481 (1087)}, Monodona) antibodies (mAbs) reacth^e with Cp26 enttgen can augment T cell re- 
sponses Initiated by varioue polyclonal stimuli (reviewed by June et el., eupr«) . These stimulatory effects may 
result from mAb-induced cytoKinft produdlpn (Thompson el al» froc. Natl. Acad. Sd 66:133S^1337 (1989); 
» and Undsten et al„ Scienoe 244:339-343 (1 989)) as a consequence of Increased mRNAstabf(|zatlon (L^dsben 
: , at a)., (1 989), supraj , Antl-CD26 mAbs can also have inhibitory effects. i,e., they can bfodc autologous mixed 
I lymphocvta reactiorm (Damie et al» Proc. Natl. Acad. Sci. 78:5096-6001 (1981)) and activation of antlgen-*pe- 

cif ic T cell dones djesslauer et al., Eur J. Immunol 1 6:1 ?80-l296 (1986)). 

Studies have shown that CD2a is a counter-receptor for the B cell edivation antigen, B7/0&-1 (Unsley et 
« al. Proc> Natl. Acad. Scl. USA 87;y)31-5Q3S (1990)). ForconvanienoetheB7/B&-1 antigen Is hereafter refemed 
to Bs the *B7 antigen^ The B7 Uganda am also membefis of the immunoglobulin superfamQy but have, in con- 
trast to CD2B and CTLA4, two Ig domains In their extracellular region, an N-termlna| variable (V)-like domain 
followed by a constant (C)-ff|ce domain. 

An tmpoftant norv-speciflc poslimulstory signal Is deltvered to the T cell when thers are at least two horrw 
30 o(ogous 67 f^mffy members found on ApC's, B7- 1 (also called B7 or CD&Q) end B7-2, both of which can delWer 
costtniulatory sjgnale to T ceQs vie either CD2B or CTLA4. Costlmulation through CD26 or CTIA4 is essential 
for T cell ectlvetion since a soluble Ig fusion protein of CUM (CTLA4-lg) has successfully been used to blade 
T cell activation events In vitro and In vivo. Failure to deliver this second signal may lead to clonal Inactlvatlon 
orT cell anergy. 

S5 Interactions between CD2a and B7 antigen have been characterized using genetic fusions of the axtnB&- 
ellular portions of p7 antigen and Cp2a receptor, and Immunogfobulfn (Ig) Cyl (constant region heevy chains) 
(Unsley et a|, J. Exp. Med. 173;721-730 (1991)). Immobllted BTIg fusion protein, as well as B7 poelthfls CHO 
cells, have been shown to costlmutato T pell protifSBration. 

T celt stimiriatlon with B7 positive CHO celts also spedflcally stimulstoa Increased levels of transolpta 
40 for tlj-2. Additional studies have shown that ant|-CD2e mAb Inhibited 11^2 production Induced in certain T cad 
leukemia cell lines by oeflular interactions w)th e B cell leukemia line (Kohno et al., Cell. Immunol, 13V1-10 
(1990)}. 

CD2a has a single extracellular variable region (V)-<llke domain (Aruffo end Seed, sugm). A homologous 
molecule, CTLA4 has been Identified by differential screening of e murine cytolytic-Toafl cONA library (Bronet 
45 et al., Neture 328:267-270 (19»7)). 

TYanscrtpts of tha CTLA4 rnoiecule have baen found In T csll populations having cytotoxic activity, sug- 
gesting that CTLA4 might function In the cytolytic response (Brunei et a|., supra: and Brunat et a|., Immunol. 
Rev. 1Q3-2V36 (1888)). ResasicherE hsva reported the donfng and mapping of s gene for the hvman coun- 
terpart of CTLA4 (Dqiievach ei a]., Eur. J. Immunol, 18;1 901-1905 (19B8)) to the same chromosomal region 
so (2q33'34) as CD2B d-arage^pchnaloff et al.. ImmunoQenetics 31:195-201 (1990)). An Ig fusion of CTLA4 
binds to 97-1 with f^O fold higher avidity than a cofTBspandlng Ig fuafop of CPTB. 

Sequence comparison between this hMman CTL^ DNAand that encoding CD28 pmtelns reyeqis signif- 
icant homology of sequence, with the greatest degree of homology in the Juxtamembrane and cytoplasmic re- 
gions (Brunet et al., 1988. sum Oariavach et si, 1988, supra) . 
^ The high degree of homology between Cp28 and CTLA4, together with the co4oca|)zetton of thetr genes, 
raises questions as to whether these molecules ans also functionally related. However, since the protein prod- 
uct of CTLA4 has not yet been successfully expressed, these questions remain unanswered. 

Expression of soluble derhratWes of cell-Eurface glycoproteins In the Immunogtobutin gene superfamlly has 
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been acniavad for 004, tho recaptor for HIV^I, and CD2e and B7 roceptorc, using hybrid fu»lon molecules 
corttlstino of ONA sequenc8» encodlno amino acids corresponding to poitlons of the artracBllular domain of 
CD4 receptor fifsad (o anUdody dDmarn& (rmmMnogfobiilin y1 (Capon at af., Nature 337:525-531 (1S89) (004) 
and Urialay at al., J JExp. Mad., aupra <CD2B and 37}). 

There Is ^ need for moleculea. which can Identify InvUro B7 positive B csHs^ l,e., activated B cells, for leu- 
kocyte typing and FAC sorting. FMrthar, there la a need for majecules which may be used to prevent the rejection 
of organ transplants and Inhibit the symptoms associated with lupus erythmatosus and other autoimmune dla- 
easet. (n tha past, (harapfes roffed on panlrnmunosupprBsatva drugs, aucfi aa cyctosparlne A or mono- 
clonal afrtibodiaa (MAbs) to CDS Id pravent organ transpfants or inhibit symptom of lupus. Unfortunately, tbeaa 
drugs mMSl frequently be taken for the life of the Individual, depress the anttra imrnuna sysfcam, and often pro- 
duce seoondary health ailments such aa Incraased frequency of Infections and cancer. 

SUMMARY OF THg IKVEKTTOW 



, f 9 AccordinBly* the preBont invention provides the complete and correct DNA sequence anoodlng the amino 
acid sequence corresponding to the CTLA4 receptor protein, and Identifies B7 antigen (e.g. B7-1 and B7-2 
antigens) as a natural |igand for the CTLA4 receptor. The Invention a|ao provides a method for expressing the 
DNA as a CTtA4 immunoglobulin (|g) fusion protein product. Embodtmanta of the invention intiutSB CTLA4lg 
fusion protein, and hybrid fuston proteins Including CD28/CTI-A4I9 fission proteins (which Is also referred to 

20 herein as the cnA4/CD2fitg fusion protein). Also provided are methods for using the CTLA4 fu«lon protein, 
B71g fusion protein, hybrid fusion proteins, and fragments and/or dedvaUves thereof, such as monoclonal an- 
tibodies reactfve wjth CTLA4 and the B7 antigen, to regulate cellular interactions and immune responaas. 

Tha human CUA receptor prote'm of the Invention Is encoded by 187 amino ac^ds and Includes a newJy 
Identified N-^lnked glycoaylation site. 

?6 The CTLA4lg fusion protein of the Invention binds the &7 antigen expressed on activated B cells , and cells 
of other lineages, a ligend for CD2B receptor on T cells. The CTUA41g binds B7 antigen with signlflcantty higher 
affinity than 37 binding to che CD2a receptor. The CTLA4fg construct has a first amino add sequence corre- 
sponding to ihe extracellular domain of the CTLA4 receptor fused to a second amino ac)d sequence corre- 
sponding to the human Ig Cyi domain* Thef ii^t arrtino add sequence contains amino acid residues from about 

30 position 1 to apout posttion 125 of the amino acid sequence corresponding to ttie axtracellufar domain of CTLA4 
Joined to a second amino acid sequence containing amino acid residues corresponding to the hinge, CH2 and 
CH3 regions of human IgCyt The fuaion protein Is preferably profiuoeti In dimertc forrn. Soluble CTlM)g Is a 
potent Inhibitor In vitro of T and B lymphocyte responses. 

Also contemplated In the invention are solubia CTtA4 and hybrid f usiori proteins thereof, a,g., solubte hy- 

95 tidd fusion protsins^ such as CD2B/CTLA4lg f usioi t proteins. The extracellular domain of CTLA4 Is an example 
of a soluble CTLA4 molecule. Alternatively, a md scute having tha extraoetlular domain CTLA4 attached to 
a peptide tag Is another example of e soluble cyi A4 molecule. 

As an example of a soluble hybrid fusion pnitaln, tha present Invention pnovldas Gp2G/CTlA4|g fusion 
proteins having a first amino acid sequence com spending to fragments of the extracellular domain of CD2a 

40 Joined to a second amino acid sequence copresp mding to fragments of the extracellular dorrwin of CTlA4lg 
and a third amino acid sequence oorraspondlng fi t the hinge, CH2 and CH3 nagfons of human IgOfl. One erTf> 
bodlment of the hybrid fusion proteins Is a cp2a/i :TLA4lg fusion construct having a first amino aoid aaquence 
containing amino acid residues from about posit on 1 to about position 94 of the amino acid sequence corre- 
sponding to the extracellular domain of C02B. Joned to a second amino acid sequence containing amino ecld 

45 residues from about position B4 to about poattk n 12S of the amino add sequence oorraaponding to the ax- 
traoellMlar domain of CTt-A4, joined to a third a nino acid sequence containing amino acids residues oonre- 
spending to the hinge. CH2 and CH3 regions of h iman IgCyi , other embodimantG of tha hybrid fusion proteins 
of the invention are de&o1t)ed In Tables I and II md Example 7. 

Also Indudad In the invention Is a method fb regulating T call interactions with other cells by inhibiting the 

so irneractlop of CTLA4-pQ£itiyB T cells with B7 po sltlve cells by reacting the T cefl^ with ligamfo fbr the CXIM 
rapeptor. The Uganda Include B7lg fusion prate n, a monadonal antibody reactive with CTIA4 receptor, and 
antibody fragments. 

The Invention also provides a method forraiiulating T cell interactions with B7 posittve cells, using a llgand 
for the 87 antigen. Such a ligand is soluble CTLA 4 fusion protein, e.g., CTUV4lg fusion protein, of the Invention, 
sff its fragments or detfvatfves, eoluble CD2a/CTU ^4 hybrid fuston protein, e.g.. Che CD26/CTtA4tg hybrid fusion 
protein, or a mom)dona) antibody reactive with the B7 antigen- 

The Inventbn further Indudes a method fof treating Immune system dtseaaes mediated by T cell Interac- 
tions with B7 positive cells by administering a llgand reactive with B7 antigen to regulate T cell interactions 
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w}th B7 poalthra cdIIk, Tlia lloand is ths CTLA4|g fus Ion prototn. or th« CD2B/CTLA4I9 fusion protein hybrkt» 
ara rmodonfll antibody raacthw wHh B7 «ntiflan. 

ArnonopformI qnlilxMty mactivo with splutite CTLA4 fusion protain and a monocfons) antibody raacttvo «yiKh 
sotMbtB Cp2ayCTLA4 fusion proto|n are deserlbfid for usa )n ragutaling coltutsr InteradionB. 

A nova] Chlnaaa H&rnster Ovary cet{ Itne ttabty oxprBssIno the CTLMIg fusion protein la also disctosad. 

Further, the present Invention provides a matfrnc Ibrbfocfclng B7 jnten^cfjon so as to regii)fl(te the Immune 
racponae. This method comprUefi contacting lympho :ytet wlfti a B7-btndfnfl molecule and an lL4-btndlng mol' 
ecMla. 

Additionally, the prfitent invanlM provides s ma thodfor nBgulatlng an immune reeponae wtilctt oomprtsea 
Qontaatng B7-pos|(fve (ymplfocytas a sr-plnding molaoila and en ILA-blnding molBoula, 

Also, ttie invention provides method for inhibiting tresue transplant rejection by a subject, the sublet pains 
a recipient of transplanted tissue. This mat^od comorlsac adrntnls^rtng to the subject e B7-blnd|no motecule 
and on m4'bMlno molecule, j 

The present Invention further provides a method for inhlpMng graft versus host dtmse In a suttteci which 
compdses administering to the aut:^ a B7-bindtnQ molecule and an M-blndlng molecule. 

PRIEP DgSCWPTlOW OFTHE FTGURE« 



Ffgure lis a diagrammatic repraaantatlon of C TA4|g fusion constructs as deecrlbed In EusmplB 2, Infra. 

Figure 2 It a photograph of a get obtained from SDS-PAGE chromatogmphfc purification of CTLA4lg as 
described |n Example 2, (nfra. 

Figure 3 depicts the complete anrlno ecjd seq ianoe encoding humep CTLA4 rtoeptor (SEQ ID NOa; 13 
and 14)fused tPthaoncostatin M signal peptide (pc8rtlon-25to-i}. and including the newly identified hMjnked 
glyco&ylaijon a)ta (position 10g-111}, as desoibBd In Example 3, infra. 

Figure 4 daplcts the results of FACSi^ anajyer/of binding of the B7ig fusfon protein to CD2B- and CTLAI- 
transfected COS ce|te as described In Example 4, infQ 

Rgure 5 depicts the naeults of FAGS'* analyslspblndlng of purified CTT^4lg on 87 entigen-posltive (B7^ 
CHO cells end on e lymphoMastofd cell line (PM LpU) aa described In ExemPle 4, Infra . 

FIgurs 8 is e graph illustrating compatlllon bt|idlng analysis of ^1 labeled B7lg to Immoblliud cnrLA4lg 
OS descrfbed in Example 4, tafw . 

Figure 7 ie e graph showing the results of Scatchard andysjs of t^-labefed B7|g binding to immobllfzed 
CJtjMlg ea deaerf bed In Example 4, Infra. 

Figure B |s a photogieph of a ga| from SpS-pAGE chromatography of ImmunopraclpltBtlon analysis of B7 
podtjve CHO calls and PM i-CU cells ourface-labeled wfth ^ aa described in Example 4, Infra. 

Rgure 8 la a graph depicting the effecta on lirofiferBtron of T cella of CTLA4|g aa meaaured by PHj-thy- 
midlne Incorporation as descrfbed in Example 4, mfra. 

Figure 10 |s a bar graph Illustrating the effects of CTLA4lg on helper T cell (Th)-induced immunoglobulin 
secretion by human B catis as detarmiped by enzyme immunoassay (EUSA) aa described In Example 4, Infra . 

ftguies 11 A, 11 B, and 11C ore line graphs ^bowing the eurvh/al of human pancreetlc lalet xenogrsfta. 

FIguraa 12 A. ^2B, 120, and 12D are plioto^rophs of histopalhology slides of tiumen islets trsnsplented 
under the kldnsy capsule of B10 mbe, 

Figure 13 la a line graph showing t)ie prolonfaaUon of Islet graft survival with MAb to human B7. 

Figure 14 Is B line graph showing induction of donor-^eclf |c unrasponaiveness to fslat gpaf t antigens by 
CTpUlg. 

Figure 16 te a Una graph showing andbody serum tiler levela of mice Injected with eheep red blood oet|a 
(SRBC), mAb LB and rat Ig, mAb i£ and Bnli'IL4,{cTlA4lg and ret |g, CTU4lo and antl-M. The X axis meea- 
uras the antibody^serum tjtar. The Y axis maasur is time In days. The cjoeed pox represents mice Injedad w|th 
SRBC at day 0 end day 46. T)ie open box repn sents mice ii\)ected with SRBC at day 46. Th^ closed circle 
repreaents mice injected wHh mAb t6 ar\t\ rat inr ^nogtobuDn* The open clrda repreeents mioe Injected wfth 
mAp Ifi and anli-M antfttody. The doaed trranc^ a represonta mipe Injected with CTLA4lg end rat Immunoglo- 
bMlln. The open triangle represents mice Injecte i w(tti CTVA4|g and antNM antibody. 

Ftgurs 16 Is a line graph showing antibody seium tftar levels of mice ln|eded with KLH. mAb L6 and rat 
Ig. mAb i£ and antHU4r CTLA4|g ^nd rat |g, crf .A4lg and antl^lt.4, The X axis measurae the antibody^serum 
tjier. The y axis measures Ume In deys. The dcjsed box rspreeente mlqe jr\|ecCBd vt^ith keyfto|e limpet hemo* 
cyanln (KLH) at day 46. The do^ed drde nspresenu mice Iniacted with rpAb LB and rat immunogtotnifln. The 
open ctrde represents mice jr^jected with mAb t|fi and antl-M antibody. Tha closed triangle repmaante mice 
Infected with CTUA4|g and rat Immunoglobulin. {The open trtangle represents mice inlected with CTlMlg and 
antMU antibody. i 
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Ffgur* 17 ts a s^sp^ showInD the sequencinB alignment of CD2e and CTLA4 tamNy mambsrs, Sequenoes 
pf human {H)r mouse (M)i rit(R), and chldcon (Ch) CD2B are alian«d with human and mouw CTVM. f^osiduas 
' ' are numbored from the mature protein N-termfnus with the elgnal paptidas and tmnsmemhrane domains ufv 
derlinad and the CDRHartalogouB regions noted. DarK ehaded areas highOflht complata consaryatlon of res)- 
' 6 dues while light shaded arees htghKs^t opnservativs amino add substitutions in al) family members, 
i j Figur* IB Is a Jine gmph showing CTVMIg and CD26tfl mutants bind P7-1. 

Figure 1* Is a schematic nrnp oT CTLMK^Pzaig hybrid fusion proteins. Open areas represent CD26 6»* 
quance; filled areas represent CTLA4 sequence; cross-hatched areas represent beginning of IgG Fc (also refsr 
Ij nsTablaf). 

I ' 90 ' Figures 20A/B, A Una graph shotting that CTtM/CD2B|g hybrid fusion proteins bind with high ayidlty to 
!* 37^1 CHO cells. 
I FlguraZl. Molecular model of monomericCTlA4fgv-liKeextracarMar domain. 

DETAIlgD DESCRIPnoN OF THE INVEKTION 

IS 

DEFINITION 

As used rn this application, the To(|Qw|ng words or phrases hava the meanipga specified. 
As used heraln "blocking 07 Interaction" rneans to Interfere with the binding of the B7 andgen to Its tigands 
30 such as CpZB Bpd/or CTLA4 thereby obstructing T cell and B ca|} IntaracMon. 

As used herein a ''B7-bini})n0 molecule" me^ns any mo|ecu(a which will bind tha 37 antigen. 
As used haraln an *tL4-blnding molecule" means pny moleciila which will recognize end bind to lU. 
! As used herein a <^CTVA4 mutanlV means a mctlecule ha^ng ^mloo a4ds which are simitar to the atnino 

ecld sequence of the extracellular domain of CTIA4 so mat the moiecMle recpgnizas and binds a B7 antigen^ 
9S As used herein a "CD2B mutant" means a molacule having qmino ecjda which are similar to the amino 
acid sequence of the extracellular domain of Cp2S so that the molecule recognizes and binds a B7 antigen. 

As used herein a '*CTlA4/CP20 hybrid fusion protein* Is a molecule having at least portions of the extract 
elMar domains of both C'T\A4 and COZB so that the molecule recogntzee and binds a B7 antigen- 

In order that the invention heraln described may be more fi^l}y understood, the foUowtng description Is set 
30 forth. 

This Invention Is directed to the laotstlon and expression of the human CyiM receptor found on T cell 
j surfaces, which binds to the B7 antigen expressed on acth^atad B obIIs^ and cells of other lineages, and to ax" 

I presslon of soluble fusion protein products of the CTUA4 receptor gepe. The Invention also provides methods 

for using the expressed CTtA4 receptor to regulate cellular Interactions, including T cell Inter^ctiona with |97 
' 35 posltfve cells. 

In a preferred embodiment the complote apd conrect DNA sequence encoding the amino acid aaquanca 
corresponding to human CTLA4 receptor pnotein of the fnventlpo ]s donad using PCH, The cDNA containing 
the complete predicted coding sequence of CTIA* was assembted from two PCR fragments amplified from 
H36 RNA, and Inserted into the expression vector, cdMB as described In detail (n the Examples^ Infm . faototea 

40 were tranefected into COS celts and tested for binding of B7lg, a soluble fusion protein having an amino add 
sequence connesponding to the axtraceItu]Br dome'in of ^7 and a human (mrnurroglobuim (Ig) Cyl regfon, as 
described py Upaley et al.. J. Exp.Med. 17a!721-730 (1981). 

The pNA sequence of one Isolate, designated as OMCTVA4, was than determined and found to correspond 
exactly to the predicted human CTIA4 sequence, fused at the N-terminus to the signal peptide from oncostatin 

46 M. The CTLA4 receptor la encoded by 187 8ff>ino acids (exclusive of the signet peptide and stop codona) and 
includes a newly Identified N-linked glycosylatton sfte at amino acfd positions 109-111 (see Figure 3, Infra). 
The CTUA4 receptor la expressed using the oncostatin M signal peptide. 

In another preferred embodiment, soluble forms of the protein product of the CTXM recepfior gene 
(CTLA4lg} ore pTep»rB^ using fusion proteins having a first amino acid sequapca conrespondlng to the extrao- 

50 ellultar domain of CTLA4 and a second amino add sequence corresponding to the human fgCyl domain. 

CNmIng end expression plasmids <CPMS and rLN) were construct containing cDNAs encoding portlotis 
of the amino edd sequence conrespondlng to human CTLA4 rsceptxirbaaad on the cDNA sequence described 
herein, where the cPNA encoding a firsl amino ecM sequence Dprrespondlng to a fragment of rhe extracellular 
domain of the CTLM receptor gene is joined to PNA encoding a second amino acjd aequence corre&pondlng 

66 to an tgC region that permits the expression of the CTLA4 receptor gene by altering the solubility of the ex- 
pressed CTLA4 Protein, 

Thus, soluble CTl^lg fusion protein Is encoded by a first amirm add sequence containing amino acid 
residues from about position 1 to about position 1 25 of the amino acid seqiuence corresponding to the oxtrae- 
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enular domain of CVIM Joined to b second omtno add Gsquenoe canNn(nQ amino add rvsiduet corre^ndlng 
to the hinQfl, CH2 and CH3 regions <K human IgCyl . The fusion protein t& preferably produced in dlniarlc forra 
The oonetruct was then Iransfected into COS or CHO cells, ancf CJUUlg was purified and kJeritlf ied as a dimet 
In acoordartca the practice of this tnventfon. CTLA41g and the CJiAtCOiB fusion protatn hybrid rnay 
' 5 have amino acid substitutions in the amino add sequence corresponding to the external domain of CTLM ao 
as to produce rnolecules which woqlld retain tf)n functional property of CTLA4, namely, the mojecule having 
t such substltutloriG will still bind the P7 flotfgea These amino acpd substitutions Inctuda, but are not neceasarlly 
limited to, amino aqld substitutions known In the art as 'cQnservfltive^ 

For example, H ia a wall-e^tBbllahed prfndpta of protein chemistry that certain amino ac|d substitiitlona, 
10 entitled "cor^srvathfe amino ack) substitutions.' can f naquenxfy be made in a protein wWio^ altering either 
I , the conformation or the function of the protejp. Such changes include substituting any cfia^^ 

:(V)» end leucine (U for any other of these hydrophobic amino adds; aspertk: add (DJ for glutamic add (E) and 
vice versa; g)utamlne (Q) for asparagine (K) and vice versa; and serine (S) for threonine (T) and vice versa. 
Other 9ubstttut|ans can a^so be considered conservative^ depending on the environ'nentof the parttoitar amino 
' 15 odd and Its role in the three-dlmanatonal structMfs of the protein. For example, glycine (G) and atan'me (A) 
can frequently be interchangeable^ as can alanina and valine (V). 

Methionine (M), which Is relatively hydrophobic, cen frequently t>e interchanged with leqcfne and Isofetk 
che. and aometimes with valine, lysine (fC) and arglntne (R) are frequently Interchangeable In locations in 
which the significant feature of thp amino acid residua Is Its charge and the differing pica of these two amino 
ao add residues ere not significant Still other changes can be considered **conservaHve<< in particular an^roo- 
ments. 

In fact, using the mathoddogjee djsdosed herein, mutants of the Q7-bInding mdecule were produced^ One 
mutant comprises (1) a sequence beginning with the amino acid at position 1 and ending with the amino add 
at positfon Sfi of the receptor protein; (2) a sequence beginning with the amino acid at posftkm 95 and 
26 ending w[th amino acid ^t position 1 25 of the extracellular domain of CTLA4; and (3) a sequence corresponding 
to the human IgCfl domain. 

The second mutant comprises (1 } a sequence beginning with the smino acid at position 1 and ending with 
the amino acfd at position 95 of the C02a receptor protein; (2) a sequence beginning with the amino acid at 
position g6 and ending with amino ac]d at position 120 of the extracellular domain of CTLA4; and (3) s sequence 
30 corresponding to the human IgCyi domain. 

The present invention provides a method for blocKIno B7 Interaction so es to regulate the Immune response 
which comprises contacting lymphocytes wKh a B7-blndins molecule and an lU-blnding moleouja. The lym- 
phocytes may be B7 positive lymphocytes. 

Further, the present invention proWdea a method forregulqting an immune response which comprfsea oon- 
S5 tacting B7'<pos|trtfe lymphocytes with a B7-4>{riding mdecule and an |U4^btndlng mdecule. 

The Immune response may be a B cell response resulting In the Inhibition of antibody production. Addt^ 
tionally. tha immune response may be a T cell response resulting In inhibition of ceil mediated immunity. Fur- 
ther, the Immune response may be en Inhibition of (ymphocyta prdlferflctlon. 

Also, the present Inventbn provides a method for Inhibiting tissue transplant rejection by a subjects the 
40 subject being a recipient of transplanted tissue. This method cap comprise administering » the subject a B7- 
blndlno molecule and an fl4-b{ndlng mdecule. 

The invention further provldee a maihod for Inhibiting graft versus host djaease In a subject which com- 
prises administering to the subject a B7-hlnding mdecule end ap IL4-bM1nB mdecule. 

In accordance with the practice of this invention, the 67'blnding molecule may be a CTLA4lg f udon pmtoin. 
45 For example, the cTlA4fg fusion protein mey be a f us Km pmtetn having a ftict amino acid sequence containing 
amino ecKt residues from about position 1 to about position 125 of the amino add sequence corresponding to 
the Axtracelfular domain of CTIM and a second amino acid sequence containing amino acid residues com»« 
spending to the hinge, CH2 and CH3 regions of hurnan immunoglotHjIin Orl, 

Alternettvejy. the B7'bindlng mdecule may be a soluble CP2a/CTLA4 hybridfuston protein, For examplOp 
fio the CD2a;CTLA4|g f teion protein hybfW may be a fusion protein hybrid having a first amino add eequerice 
corresponding to a portion of the extracellular domain of Cp28 receptorf used to a second amlpo add sequence 
corresponding to a portion of the extracetlular domain of CTLA4 receptor and a thind amino add sequence cQ^ 
responding to the hinge, CH2 ^nd CH3 regions of human lmmunog)Qt>ulin Cyi. 

Further, the M-brndlne moleo^e niay be a monodonal antibody which apeciflcally recognizes end binds 
ss to f Alternatively, the IL4-bindlng mdecule Is a soluble M receptor which recognizes and binds to M (Fans- 
low et al. 1991), 

DMA encoding the amino add sequence corresponding to the CTlA4|g fusion pnoleln has been deposited 
with the American *rVpe Culture Collection (ATCC) In Rockville. Maryland, under the provisions of the Budapest 
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TraaHy on Mvy 31 1 1991 and has be^p aoco^led ATCC accession number, B862B. 

Tlie praunt Invantfon provt^SB the first protein prodqct of CTLA4 tmnftcriptft In the form of a SQlut>|e fuaion 
prntain. The cnA4(g protein forms e disuinda-linked dimar havinQ two ftuttunUa, aach of whtch has an Mr of 
appfoximotely SO.OOQ fn^taling that nathra CTLA4 prQbat)ly exists on the T call surfaoe as a dfsMtrfdfr-rinked 
j 5 homodimar 

I B7 antigen hu been ahown to be a (Igand tbr CD2B receptor on T ceifa (Llpslay at at., Prec Naet. Acad, 

j Sd. USA> supra) . The CUM raceptor molacute appears functlonatiy end atructurafly related to the CP28 re- 
ceptor; both are receptora fbr the B ca{| actlyatlon enttgen, B7. whife CTUA4 appears to have hfghar affinity 
for B7| an)ong the highest yet taportpd for lymphoid adhesion aystanw. However, CTLMIg waa shown to bind 
I 10 rpore strangty to B7 postttva (BP) oefl fines than CD26lg. Other experimante demonabrated that CTIM la a 
highar affinity moeptor fior B7 antigen than CD28 receptor. Additionally, CTLA4lg was shown to brrid a single 
protein on (ymphoblastoid cella which is similar In size to the 87 antigen. CTLA4fg Inhibited T cell proliferation 
and Inhibited Tf,-lnduced tgM produpt|on. 

In another preferred embodiment, hybrid fusion protalns having amfno ac)d sequences correspondino to 
. IS fragments of different receptor proteins were constructed. For example, amino acjd sequences corresponding 
J I i to selected frsgments of the Bi(tr9CB\h}}9r domains of COSB and CTLA4 war* HnKad to form soluble CD^ 
ZSfcyiM hybrid fusion proteins, e.g. a C02a/CTLA4lg fusion protein. This protein was obtained having a first 
amino acid aequance containing amino acid residues corresponding to a fragment of the extracellular domain 
of cp2B Joined to a second amino add sequence corresponding to a fragment of the extracellular domain of 
30 CTlA4|g and to a third amino acid sequence corresponding to the hinge, CH2 and CH3 regions of human IgO^I. 
One embodiment of the hybrid fusion proteins is a CI>2B/CTlA4Ig fusion construct having a ftrat amino 
acid sequence containing ammo acid residues from about position 1 to about position 94 of the amiho add 
sequence cprrespondlng to the extracellular domain of CD26, Joined to a second amino acid sequence con- 
taining amino acid residues from about position 94 to about position 125 of the amino acid sequence cona- 
28 spending to the extreceltutar domain of CTLM, joined to a third amino add sequence corrasponding to the 
hinge, CH2 and CMS regions of human IgCyl . 

The techniques for cloning and expressing DMA sequences encoding the amino acid sequences corre^* 
aponding to the CTLM receptor prot^lni soluble fusion proteins and hybrid fusion proteins, e,g synthesis of 
oligonucleotides. PGR, iransTomiing oeHs, constructing vectors, expression systems, and the like are wdV 
30 established In the art, and most practitioners are familiar with the stondard reaourca materials for spedf ic con- 
ditions and procedures. However, the following paragraphs are provided for convenience and notation of mod- 
ifications where neceasary. and may serve as a guideline, 

Cloning and Exprassion of Coding Sequences for Reoaptors and Fusion Proteins 

35 

Fusion protein conttruct& corraapondtng to CDZaigCyl and B71gC7 1 for charactert^g the CTLA4|o of the 
present invention, and for preparing Cp2B/CTtA4 hybrid fuaton proteins, were praparad as described by Line- 
ley etal., J. 6xp. Med. 173:7?VrS0 (1991). Incorporated by reference herein. Alternatfvely, cPNAdones may 
be prepared from RNA obtained from cells expressing B7 antigen end CP28 receptor baaed on knowledge of 

40 the published sequences for these proteins (Aruffo and Seed, and freeman, supra) using standard procadMres. 
CTLA4lg fusions conclstinfi of DNA encoding amino acid eequences corresponding to the extracellular do* 
main of CTUA4 and the hinge, CM2 and CH3 regions of human IgCyl were consmicted by ligation of pqR f rag- 
msnia. The cpMA encoding the amino acid sequences Is amplified using (he polyrwase chsin rsacUon 
fPCR') technique {U.$. patent Nos. 4,683,195 and 4,683^02 to MuHls at el. end Mulf/s A Fa|oone. Mctfrods 

45 Bmmol 154:335^350 (1887)}. CTVMIg fusion pofypeptldes wars obtained having DNA encoding amino add 
sequences containing amino acid residues from about position 1 to about position 12S of the amino add se- 
quence corrasponding to the extracellular don^in of CTLA4 and DNA encoding amino acid sequences corre- 
sponding to the hinge, CH2 and CH3 regions of Ig Cyl. 

PaoaMse the expression of CTLA4 receptor protein In human lymphoid cefla has not been previously re- 

so ported, 11 was necessary to locate a source of C71A4 mRNA. PGR cDNA made from the total cdlular RNA of 
several humQn leukemie cell Unas was screened, using as primers, ollgonudeolides from the published se- 
quence of the cnA4 gene (Darlavach et al.. eugra). Of the cPNA tested, H3B oe||B tan HTIV n^assodatod 
leukemia line) provided the best yield off PGR products having the expected size. Since a signal peptide tor 
CTLA4 was not identified In the CUA4 gene, the N terminus of the predictod sequence of CTLM was fused 

66 to the signal peptide of onoostatin Wi (Malik et el., Mojec and Cell. Biol . 8:2847 (1889)) In two steps using oil- 
gonudeotldes as described In the Examples, Infra. The product of the PGR reaction was llgated with cDhlA 
encoding the amino add sequences coriespondlng to the hinge, CH2 and CH3 regtons of |g Cy1 Into a expres- 
ston vector, such as CPMfi or nLN. 
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To obtain DMA encoding fidl length human cn'LA4. a cPNAencodrng th« iranAmsmbrane and cytopla^ntc 
domnlna of CfLM was oMainad by PCR from H3B calls and jdnad with a fragment from CTlA4lflT obtalnad 
as datcrikmd above, encoding the oncoatattn M cignal peptide fuaad to tha N tarmlngs of CTLA4, utino oli0D^ 
nudaotida piimars as deacrtbed In 9)8 Examplec, infra, PGR f ragmonta war® iigatad Into the plasmtd CDMB, 

5 resulting tp an expraaslon plasmld qnoodtng tha full length CTLA4 gene, end designated OMCTLM. 

For conatnjctlon of DNAenooding the amino ecM saquanoe oonnrapondino to hybrid fusion protatna> DNA 
encoding amino acids oorreapondlng to portions of the extracellular domain of one receptor gena Is Joined to 
DNA encoding amino aclt^a corresponding to portfona of the extracallular domain of anoShsf receptor gana^ 
and to PNA encoding the amino acid saquancaG conpaspondfng to ths hinge, CN2 and CH3 legions of human 

fo IgCyl using procedures as descnbad above for the B7tg, CQZ8\q and CTUUIg constructs. Thus, for a^tampla, 
DNA encoding amine acid rasiduas from about posttlon 1 to about position 94 of the amino add aeqfuence oar- 
responding to the extrac^Rutar domain of the CD2a recepfior [s Joined to PNA encoding amino acid realduaa 
from about position 94 to about posltton 125 of the amino add sequence corresponding to the e^tracelMar 
domain of tha CTIM racepfor and to DNA ancoding the amino add set^uancas conraspondlng to tha hinga, 

15 CH2 and CHS regions of human IgCfl. 

To produoQ laige quantities of donad ONA vectors containing ONA encoding tha f usjon oonatructs ol tha 
invention are tranafomiad into sqitafala host cells, such as the bacterial cell Itna E. coll strain MC1061/p9 (In* 
vitfogBn Corp., San Drago, CA) using standard procedures, and colonies are screened for the appropriate plea- 
mids. 

20 Tha donas contQlning DNA encoding f usbn constructs ohtalnad as dasaibad above am than transfactad 
Into suitahia host cells for axprasabn. Depending on tha host celt used^ trapsfectlon k performed using starh 
dard tachnfquaa appropriate to such cells. For enampie^ transfection into mammalian cells Is accomplished us- 
ing D^E-dextran mediated transfaction, CaPO^ co^preclpitatlon, llpofectlon, alactraporatlon, or protoptaatfu- 
sfon. and othar rnethod^ Known In the art indudkig: lyso^^yma fusion or erythrocyte fusion, scraping* direct up- 

is take, osmotic or sucrose shockr direct microln|ect|onp Indirect microinjactlon such as vie arythropyte-madlatod 
techniques, apd/or t^ subjecting host cells to electric cun-ents, The shove list of transfedkin techniques Is not 
considered to be exhaustive, as other procedures for introducing genetic information Into ce(|s witi no doubt 
be developed. 

Repression In eulcaryotic hoat ce)t culturss derived from multicellular organisms is praferrad (Tlaaue Cul- 

^ tuws. Academic Press. Cruz and Patterson, Eds, (1 973)), These systems have tha addKionat advantage of 
the ability to splice out Introns and thus can be used directly to express genomic fragmanta. Useful hoat cell 
lines Induda Chlnesa hamatar ovary (CHO), monKey kidney (COS), vero and HeLa oaSa, In iha present In^ 
venUon, cell lines stably expressing tha fusion constructs are piefemed. 

Expression vectom for such calls ordinarily indude promotara and control saquancea compatlbia with 

35 mammalUin cells such as, for exampla, CMV promoter (CDMfi vacto^ and avian sarcoma vfrua (A3V) (kLN 
vectof). Othar commonly used early and lata promotart include those from Simian Virus 40 (SV 40) (Flara* at 
al.| Nature 273:113 (1973)), or other vjnal promoters such as those derived from po|yomQr AdanoviruB 2, and 
bovine papilloma virus. The contrdtable promoter, hMTIl (Karln. at al., Nature 299:797-602 (1982)) may also 
be used. General aspects of mammalian cell host system transfbrmatlons have been deacrlbod by Axel (U.S, 

40 Patent No. 4.399,21 8 (ssued Aug. 1 6. 1963). tt now appears, that 'anhancar^raglons are Important in optlmiadno 
expression; these are, generally, sequences found upstraam or downstream of the promoter region In non- 
coding DNAregionG* Origin^ of replication may be ohtalned. If naedad, from viral aourcea. However, integration 
Into tha chromosome ia a common mechanism for DNA replication in auMryotea. 

Although prafeiTed host cells for expression of the fusion constructs Indude eukaryotic calls such aa COS 

46 or CHO catta, other eukaryotjc microbes may be used as hosts. Laboratory atraina of Saccharomvcea cerayj^ 
Gjae, Bakers yeasC ana most used although other atralns such as Schitosaccharomvoea poitrt>a may be used. 
Vectors employing, for example. the2ftor|pin of replication of Broach, Math. Enz. 101;307 (1983). orotheryaaat 
compatlbia origins of replications (tor exempla. Stlnchcomb at al.. Nature 282:39 (1979)); Tschempa at Hi,, 
gene 10:157 (1980); and Clarka et sL, Meth. Enz. Id :300 (1983)) may be used. Contrd saquancea for yeast 

to vectors indude promoters tor tha synthesis of glycolytic en;^aa (Hess at al., J. Adv. Enzyme Rao. 7:148 
(1988); Holland at al.. Biochemistry 17:4900 (1978)). AddUtonsl promoters known in the art Indude the CMV 
promoter pmvfded In the CDM8 vector (Toyama end Okayama. FEBS 268:217^221 (1900); the pmniotorfora- 
phosphoglycerate kinase (Hitzaman et al.. J, Pid> Chem. 255:2073 (19B0)), and those for other glycolytic en- 
zymes. Other promotars« which have the additional advantage of transcription controllad by gmwth conditions 

55 are the promoter regkms for ajpohd dehydrogenase 2. isocytochrome C. actd phosphatase, degradattve ap- 
zymas associetad with nitmgen metabolism, and enzymes rasponsiNe tor maltoae and gatactosa utjltzation. 
It Is also believed tarmlnator sequences are desirable at the 3* end of the coding sequences. Such terminators 
are tound In the 3' untranslated ragion following the coding eequances in yeaB^<tertved genes. 
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AltamatNfily, pmkaryotic ceXs may be used as hosts for axprsssfon. Profcoryotas mostrretiuBntly are rep- 
resanted by vartous strains of Eeoli ; however, other microbN strains nmy also be used. Commonly used pro- 
Mr yoUc oorUrol sequences which am defined herein tp include promoters for trenscrlptjon initiation, optionally 
with en oparatar, along with rlbosoms binding site sequenpes, Include such commonly used pmmotars cts the 
: s bste-lact&mase (penic{tl(neaa) and tactose (lac) promoter systems (Chang at al^ Nature nBB: 1 056 (1 977)), the 
tryptophan (trp) pmmoter system (Gosddet et p|., Nucleic Acids Res . 0:4057 (1980)) end the lambda derived 
Pi promoter end N-oane ribosome binding site (Shimatake et al., Nature 202:128 (1981)). 

The nucleotide sequences encoding CDZejg and CUA4la proteins, and fusfop hybrid proteins such as 
CD26/CTVMIg, may be expmssed jp q variety of systenu as eet forth belnw. The c^HK may be exqised by 
10 sultabia rsstrfclion enzymes and jigated into suitable prokaryotic or eukaryoilc expression vectors for auch ax- 
I piession, Becaqse CD2B and CTIA4 receptor proteins occur In nature as dimers, It Is believed that successful 
j expression of these proteins rsqutras an exprecsipn system which penmlta these proteins to form as dimars. 

Tn^ncated versions of these protajns (I.e. formed by Introduction of a stop oodon into the sequence at a position 
I upstmam of the transmembrane mgion of the protein) appear not to be expressed. The expresston of cD2fi 
{ IS and CTVM recopiors as f usjon proteins permits dimer formation of these proteins. Thus, expression of CTLA4 
j ' protein qs a fusion product Is preferred In the present Invention. 

j A stable CHO line of the Invention, designated Chinese Hamster Ovary Cell Une CTLA41g-24. is prsferrod 

for exprseslon of CTlA4lg and has been deposited with the ATCC under the terms of the Budapest Ttaaty on 
j May 31, 1991 , and accorded ATCC secession number 10762. 

» Expression of the CTI^ receptor of the invention Is apcompllshed transfectlng a cell Una such as COS 
cells, and detecting expression by binding of the CTLA4-tmn8fected oeQs to a ligand for the CTLA4 receptor, 
for example by testing for binding cf the cells to B7lg fusion protein. 

Sequences of the resulting constructs are confirmed by PNA sequencing using Known procedures, for ex- 
ernpie as described Sanger at a|., Proc, Natl. Aced. Scj. USA 74:5463 (1 977), as further described by Meas- 
» ing at al.. Nudeic Adds Res. 9:309 (1fi8l), or by the method of Maxam etal. Methods Enzvmol. 66:499(1960)?, 

Recovery of Pmtein Products 

As noted above, CD2B and CTiM receptor genes am not rsadfly exprsssed as mature proteins using di- 
30 rect expression of DNA encoding the truncated protein. To eqabie homodlmer formatton, PNA encoding the 
amino Bdd sequence corraspopdlng to the extracellular domains of CD2B end CTLA4» pnd Including the co- 
dons for a signal sequence such as that of oncoatatin M In cells capable of appropriate proceesing, Is fused 
with DNA encoding the amino scjd sequence correapondtno to the Fc domain of a naturally dimeric pro^ln. 
Purification of these fusion pmtein products after secretion from the cells ts thus facilitated using antibodies 
36 reactive with the enthlmmunog|obu|in portion of the f uskin proteins. When secratad Into the medium^ the fusion 
protein product ts recovered using standard protein purification techniques, for example t>y application to pro- 
tein A oclumns. 

USE 

40 

CTXA4lg fusion protein and/or fragments of the fusion protein may be Msed to react with 87 positive pells, 
such as B cells, to ragulate ImmMna responses mediated by T cafi iftteracdona with the 67 aptlgen pasithm 
cells or In vitro tar leukocyte typing so as to define B csfl maturattonal atagee apd/or B cell associated diseases 
(VoKoc^i et al. J. Immune. 128(2); 8Z3> Sprfaca Immunostalning of leirfcocytes Is accomplished by immunofluor- 

45 except tedhnology or Imrnunoen^ymatic methods but other means of detectkin are posslbla. 

Soluble CTIA4 pnstalns and CTLA4^C02B hybrid fusion proteins^ and/or fragments and defWn^^ of 
these pmtains. may also tw used tq react vyith B7 positive cells, Induding B cpllSf to regulate Imniune responses 
mediated by T call dependent P cell responses. The term Irqgmanf as used herein meaps a portion of the 
amino add sequence encoding the protein refenrad to be ''CTIA4''. A fragment of the aoluble CTLA4 protein 

so that may be used Is a polypeptide having an ammo acid eequeqce corraspandlng to some portion of the amino 
acid sequence corresponding to the CTLA4 receptor used to obbtin the soluble CTLA4 protein as described 
herein* 

The B7 antigen expressed on activated B cells and ce||s of other lineages, and the CD28 receptor ox- 
pmssed op T ce||s, can drrect|y bind to each other and this Interaction can mediate cal|.ce|l interactkin. Spcn 
u Inlensptions directly trigger the CD2e activation pethway In T cells, leading to cytokine production. T cell pro- 
llfemtlopt and B cell differentlatkin into immunoglobulin producing eels. The acthrattop of 6 cells that occurs, 
can cause Increased expression of B7 antfgen and further CD26 stMation* leading to a state of chronic |n- 
flamntation such as In autoimmune diseases, allograft rejection, graft versus host disease or chronic allergk: 
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I ' raacttons. Blocking or InhlbitftiB this readlon may bo effect tvs tn prvventlno T cell cytokine producifon and thus 1 
ppBventlnQorrBverslfifl lanammatoryraactionft. ^ f 

SQlMt)le CTIA4. e.g. CTiMlg, is &hown hafain to be a potent inhibitor of in vitro lymphocyte function* re- 
' quiring T and p cell interaction* This Indicates the importance of Intaractfons batwfoen the B7 anOgen and Ite , 
5 counteiHQceplorB, CnMA4 end/or CD2B. Tfia cytoplasmic domains cf murfna and human CTLA4 am similar ^ 
(Dartav&ch el af., supra. 1 98B)^ suggeatlng that this region has important functkknal propertiea. The cytoplesmlc u 
domains of CD28 and CTLA4 alao share homology, 

CTWM la a mora potent inhlhltor tnv{trQ offymphocyte reeponsas than eiOier ant^-PDl r or antnCDSS mAbs, 
CTM4lg doec not have direct stlmMlatory affects on T eel) proDferetioo to oounteract Its inhibitory effBds. , 
10 TherBfora, the CTtA4)g fusion pfotein may perform as a better Inhibitor In vivo than antl-CD2B mnnodonal , . 

antibodies. The imrnunosuppressivB effects of CTUA4lg in vftro sugge&ta Its uae In therapy for treatment of 
autoimmune dlaorders invofvfng ebnormaf T call actlvst^n or )s producrk>n. , 
The CTLMIg fus|ori protein fs expected to exhibit Inhibitory properties In viva Thu»« It Is expected that 
; cn>4tg win ect to Inhibit T oalls jn a manner similar to the effects observed for Ihe ant|-C026 antibody, under 
j f « similar condltkina In vrvo. Under conditions where T ca||/B call tntaradjons w occurring as a ms^i of contact 
i between T cells and B cells, binding of introduced CTLA41g to reset with B7 antigen positive ce^^, for example 

B cella, may interfere, le. Inhibit, the T call/B call interactions resulting in reQulathin of Immune responses. Be- 
cause of this exclusively inhibitory effect, CTLA4lg Is expected to be usaTuf in ytvo as en (nhjfaltor of T cell ao- 
t'Mty, over non-apec(f jc Inhtbltora such as cydoEpprfna and gluoosterokla. 
: 20 In one embodiment, the CTlA4|g fusjon protein or CTLA4/CD28lg hybrid proteins, may be Introduced In 
; a suitable pharmaceutical carrier in vivo , l.e, adminlstared Into a human subject for treatment of pathological 

! oandltlona such as immune system diseapes or cancer. 

I lntrQdiictk>n of the fusion protein in vivd Is expected to result In interference with T cell Interactions with 

1 other calls, such as B cells, as a result of binding of the llgqnd to B7 positive celts. Ttve prevention of noqnal j ^ 

I 26 T cell Interactions may result In decreased Tce|l activity, for example, decfaesed T cell proliferation. In addHfop. 

I administration of tha fusion protein in v*vo Is expected to result In regulation of In vivo levela of cytokines, in- 

eluding, but not limited to^ Interleukins, e.g. Interleukjn {IIVZ, IU3, IU4, IU*6, lUB, growth factors Including ' 
tumor growth factor (TGP), colony stimulating fiactor fCsr). interferons ("IFNa"), and tumor necrosis factor 
(TNP) to promote desired effects In e subject. For exampla, whan the f uskm protein Is Introduced In wjvg it j 
so may bfocK producth>n of cytokJneSf which contribute to malignant growth, for example of tumor cells. The fualon 

protoln may also block proliferation of viruses dependent on T cell activation, such aa the virus that oauses j 
AIDS, KTUVI. ; 

Under some c(rcumatanceSf cfs noted above, the effsct of administration of the CTVA4lg piston protoln or 
Its fragments In v[ya Is inhibitory, resulting from blocking by the fusion protein of the CTLA4 and CD2B trlg- 
M gertng msulting from T ce|l/B oaB contact, For example, (ho CTLMIg protoln mey btock T call prolffenBtlon. In- 
troduction of the CTlAAIg fualon protein in vivo wf N thus pfocfuoe effects on both T and B callMmediatod Inxnune 
rasponcas. The fusion protoln niay also be admin Istemd to a subject In combination with the lntroductk>n of 
cytokines or other therapautk reagento. 

In an additional embodiment of the Invention, other reagents. Including derivatlvea reacth« wUh tha 
40 CTlA4lg fusion pratoin or the CTVM receptor are used to regulato T cell tnleractkms. For ekamplBf antibodies, 
and/or antibody fragments reaclive with the CTIA4 receptor may be screened to identify those capable of In- 
hibiting the binding of the crTUV4|g fusion protein to the B7 antigen* The antibodies or antibody fragments such 
as Fab or F(ab')3 fragments, may then be used to react with the TcelJs, for example, to Inhibit T cell prallferptton. 
Monoclonal antibodies reactive with CTIA4 rsceptor, may be produced by hybridomaa prepared uaing 
«5 known procedures, such as those Introduced by Kohlar and MUsteln (Kohler and MHstetn. Nature, 258:495-97 
<1975)). and modifications thereof, to regulate cellular Interacttonc 

These techniques involve the use of an animal which Is pnmad to produce a particular antibody. The animal ^ ^ 
can be primed by injection of an tmmunogen (a^. the B71g fusion protein. CTLA4lg fusion protoln or CD- \ 
28/CTLA4lg hybrid fusion protein or other functional, sohibla forms thereof) to eridt the dealrad immune na- ; 
BO sponse, le. production of entibodles from the prlmad animal. A printed animal Is alao one which Is expres^ng 
a disease, l^phocytee derhred from the lymph nodes, spteens or peripheral blood of prtmed, diseased ant- 
mats can be usecj to search for a partKUlar antibody. The lymphocyte chromosomes encoding desired Immu- 
noglobulins are Immortalized by fusing tha lymphocytes with myeloma celts, generally in the presence of a fus- <| 
ing qgent such as polyathylsne gtyoot (P^G). Any of a number of myeloma cell lines may be used a fusion | 
55 partnw according to standard techniques; for example, the P3-NSl/vAg4^l, P3-x85-AgB,6ft3, Sp2/0-Ag14. | 
or HU -653 myeloma lines. These myeloma linos are available from the ATCC, Rockville, Maryland. { 

lha resulting cells, which Include the desired hybridomsa, are than grown In a eelective medium such aa 
HAT medium, In which unfused parental myeloma or lymphocyte cells eventually die. Only tha hybrldoma cella 
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survive and can be gmm) un<|Br llrpltlng dilution cond tdonfi to otttaf'n (solatBd cjones. Tha supernatanta of tha 
j hytMtdomBS Bra acreeriad fpr the pr«SBnce of thfi daslred apacif tctty, a^, by iTTirnunaaaaay tachniquaa uclng 

the CTLMIfl pratatn that haa been u»ed for immunlzaHon. PoKftfve cfonas oan then be aubcloned under (imitina 

dilution oortdllions. and the monocional antibody producad can be tealatad. 
s Vartoua oonventjonol oiethoda c^n be usfid for l60(at}on end purification of the monodonal antibodies so 

as to obtalp tfjem free from other protein* and contaminants. Commonly used methodt for purifytng tnont>- 

clonal entibodlas Include enrvnonlum sulfate practpttaclon) Ion exchange chromatography, and affinity chrome- 
! tography (Zoja et aL, In Monoclonal HybrWoma Antibodies: Techniquas and Application*, Hurall («d.) pp. Sl- 

S2 (CRC f>rftBs, 19B2}). Hybrtdomas producad according to thase meihoda pan be propaQetad In vitro or in 
to ytvo On wctos fluid) using techniques Jcnown In (he art (Fink at a|., Pmg. Clin. Pathd ., 9:121-33 (1964), Fig. 

ft-latp.123). 

GanereDy, the Individual cdt Una may be propagated In vitro, for axemple. In laboratory cultum yaaaeiai 
and the cufiturB medium containing hlflh concentrations of a single specific monoclonal antibody can be har- 
vested by decantatloni filtration, or centdfugatlon. 

15 in addition, fregmentB of these antibodies containing the active binding region reactive yrtth the extraoei- 
tular domain of CXIM receptor, such as Feb, F(ab)s and FV fragments may be prtxiuced. Such fragments 
can be produced u«ng techniques vyeil estabfbhed in the art (e.g. Rousaaeux et at., In Methods Enaymol .. 
121:6S3-B9, Academic P)ress (19B8)). 

Antt-B/ monoclonal antibodies prepared aa dascrlbed above may be used to titnd to B7 antigen to Inhlbtt 

» interactkma of cp^asioslKve or CTtA4^pofi;t^e T ca}}s wSh B7 positive calls. Anti-'CTIA4 monodonal antlbft- 
dies mey be used to bind to CTLM receptor to inhibit the intersctton of cjlM-posltlve T cells with other celts. 

In another embodtmen^ the CTlA4}g fusion protein may be used to identify addttlonal compounds capable 
of regulating the interaction between CTI-A4 and the P7 antigen. Such compounds may include smaB natuml/y 
occurring molecu/^ that can be used to react with B ce{ts and/or T celts. For example, fermentation broths 

iS may be tested for the ability to Inhibit CTLA4/07 interactions, In eddttlon, deHvatlves of (he CTM4lg f uajo^i 
pmfiein as described above may be used to regulate T cell pmliferstlon. For example, the fragments or derh^- 
atlves may be used id block T celt proliferation In graft versus host (6VH) disease M^fch accompanies aDo- 
gensic bone manrov^ transplantation. 

The CD28-mediat8d T cell preliferatlon pathway Is cycfosporin^-reslstant, In contrast to proliferah'on driven 

so by the COa/Ji call receptor complex (June et el., 1 supra) . Cydosparlne Is relatively meffect'rve aa « treat 
mem for GVM d|seaae (Storb, Blood 88:110-126 (1966)). GVH djeease Is thought to be mediated by T lympho- 
cytes which express CD28 antigen (Storb and Thomas, Immunol. Rev. B6;21S-23B (I^BS)). Thus, the CTLMIg 
fusion protein may be uaefuj alone, or In combination with Immunosuppressants such as cyclosportne, for 
blocking T call proliferation In OVH drseaae. 

35 Regulation of cTLA4-pos}t|ve T ceff Interactions wiSh 07 posith's ce||s, including B cs^ls, by the methods 
of the Invention may thus be used to treat pathological conditions auch as autoimmunity, traneplantatkm, In^ 
fectfous dlseaaes and neoplasia. 

The B7-blnding molecules and M-btnding molecules described herein may t>e tn a vortsty of dosage forma 
which Include, but are not limited to. liquid solutions or suspensions, tablets, ptita, powders, aupposhorlea, po3y- 

« meric microcapsules or mtcroveslctes, liposomes, and Injectable or infusible solutions. TTie preferred form de- 
pends upon the mode of administration and the therapeutic appllcatior}. 

Tha most effective mods of admlntstratfon and dosage regimen for the molecules of the present invention 
depends upon the seventy and oourse of the disease, the subJecTs health and reaponse to treatment and the 
judgment of the treating physician. Accordingly, the dosages oT the molecules should be titrated to the (ndi- 

« vtduai ^ut^acl 

The Interrelationship of dosages for anfma|s of various sizes and species and humans based on fng/m* of 
surface area js described by preirelch. EJ., et al, (Quantitative Comparieop of Toxfci^ of Anticancer Agents 
In MouEB^ f^arnster, Dog, Monkey and Man. Cancer Chenwther, Rap., 5Q, Na4, 219-244, May 1966). 

Adjiistmants in the dosage regimen may be made to optimize the growth inhibiting response, poses may 
so be dMded and administered on a dally basis or the dose may be reduced propon|ona)ly depending upon the 
altuatlon. For example, several dhnded doses may be administered daily or the dose may ba propoftfonaHy 
reduced e^ indicated by the specific tharapautfc situation, 

In accordance with the practice of the invention an eff^ctfye amount ^or toeattng a subject may be between 
about Q.1 and about 1Qn>g^kg body weight of subjeo. Alao, the effective amount may be an amount batwean 
9B about 1 and spout 1 D mg/Kg body weight of subJecL 

Advantagsc of the Invention: The subject invention Dven:omes the problems associated with currant 
therapies directed to preventing the rejection of tissue ororgm} transplants. )n contrast to present therapies, 
the present Invention affecta only Irnmunoioglcat responses medtaiad by B7 interactions. 
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' for eyample, the present fnwntfon vffectfl ma Irensplant antlger^spedric T ca||s, (hue indudno ckmor- 

i . specif ic and ant|oenr«padf tq Narancfl. Tha birrtflng of CD2B by Its na^iA BTm^l (1^7). during T oalt recaptor 
angagarnern ia cntical for proper T ce|) slgnaltnfl fn eom^ 

B. UrdaW, J. »fnmwno|. 1<7a 461 <1991); C. H- June, J. A. Ladbettar, P, 6. Una»ay, C. B. Thorppaonr Immunol. 
. I s Today 11^11 (1890); H. FWier, G. J. Freeman* Z. Raii-Wolf. C, D. Glmml. P. Benacarraf. L. M. Nadlar, Pitc 
. Natt. Acad. Soi. U,S.A fl^JZ7t (188^: N. K Damle. K. KJuaaman. P. S. Linslay, A. Aruffo^ J.(mmuno(. 146;1M5 

When the interaction of C028 wfth lU figand te bfockodi antrgan^ped ficT caDa are Inapproprtalaly inducad 
rrrto aatata of anMoan'-apacinc Tcaf! nnargy (M* fC JanMns P- S. Tqytar, S. a Norton, K. B. Urda^ft J. Immunol, 
! 10 147:2461 (IW); F. A Handing, X a McArttmr, J. A. Grosa, D. H. Raulat J, P- ABiaon, Nalura 368:607 (1882))* 
^ j CTlMyg fuaJon protein binds to both bwm«n and murine B7 (with a 2a.foJd graatar affbiHy tban CD2^ 
- blacks the binding of C028 to B7, Inhibits T cef) acTlvetfon, and Induces T oed MnraapomNaneae in v{trQ (F, A- 

! Harding, J. 6. McArthUf, J- A, Groaa, p. H< RaMla^ J, P. Aftlaon, Nature 356:607 (W2); P, S. Unday at at.. J. 
Exp. Med. m;5Bl (1881), 

16 Moreover, (he praaant invention would be useful to obtain axprasston of a <o|ub}a pnscain product of the 
heratofoni unaxprassad CT^ gepa. and to identify a natural llgand for CttA4 that Is involved In functional 
reaponiBS of T caffs. The soluble protejn product coutd then be used to regulate T oefl reaponaas m vN^ to 
treat pathtilogM oofKfitlona, 

The following example* are praaentad to jltustrato the present Invention and to assist one of ofdlnary akUl 

M In making and gajng tha sama. The examples are not intended In any way to oiharwjcB limit the scope of the 
invention. 

EXAMPLE 1 

M pfaparatlon of BTIg and CD2B[g Fuaion Proteins 

Roceptpr-immunoglobulin C gamma (IgCy) fusion prpielns BTIg and C028I8 ware prepared as described 
by Lmsjay ataU, In ± gxp. Mad. 173:721-730 (1981). incorporated by reference herein. Briefly, ONAancodjng 
amino ^cid aequencec corresponding to the raapecMve receptor protein (e.g. B7) was joined Iq PNA enoodtng 
so amino acid sequanoas corraspondlng to the hinga, and CH3 regions of human tgCYl* This was aooom- 
pMed as follows. 

Polymerase Chain Reedlon (PCR). For PCR, PNA fragmanra warn amplff lacf using primer pairs »a dfr- 
I soibed palow for each fusion protein. PGR raacttons (0.1 ml final vojuma) warn run In Isa polyrnemsa buffer 

I (Stratagena, la Ma, CA). containing 20 pmotas aach of dNTP; &Q-1 00 pmoles of the indicated primara; tam- 

I a ptata (1 ng piaamid or cONAsynehaeizad fn>m s 1 fig total RNA u»|ng random haxamar primer, as desotbad 
by Kawaaald In PGR Protoools, Academic Proas, pp. 2^-2r (1980), incorpoTBted fay refarenca heiain)', and Tag 
pofymarase (stmtagane). Reactions ware nin on a thermocycier (Parkin Elmer Corp., Nor walk. CT) for 16-30 
cycles (a typical cyde consisted of steps Of 1 min at 84*0, 1-2 min a( 50*C and 1-3 min at 72*C), 

Piocmid Conatructlon- ^xpreaafon pla&mlds containing cDNA encoding CD28, as deacrfbad ttyMffo and 
40 Seed, Proc Natf > Acad. Set, USA 94:8573 (1887)), were provided by Drv. Aruffo i^nd Seed (Mass Genarat Hoa- 
pltqj, Boatont MA), Plasmlds containing cDNA encoding CDS, as described by Aniffo, Cejl 61:1303 (1890)), 
were provided by Dr. Aniffo. Plasmids containing cDNA encoding B7, as deaofibad by Fraaman at at., J. Inv- 
munot. 143:2714 (1889)), ware pmvidad tsjr Dr, Freeman (Dana Farbar Cancer Institute. Boston, MA). For inllHl 
attempta at axprasalon of soluble forms of CD2& and B7, constructs were miada <QMCD2a and 0MB7) as da- 
<5 scribed by tinstay at aU J. Exp. Med., >uprp> In which stop codons were introducod upstream of the trana- 
V membrane domains and the natfve signal peptides ware replaced wKh the signal peptkfe from onco^ttn M 
(Malik at a|., Mol. Caff Biol . 9:2847 (1888)). Thaas were made using syntheUc ollgonudeocldaa for raconahvo- 
tlon (OMCD2B) or as prlmars (0MB7) for PGR. QtiACp26, fs a Cp2fi cDNA mpd|f led for more ef f k:tent expra^ 
ston by replacing the signal peptide with the analogous region f mm onoostatjn M. CD2aig and 37lg fuston con- 
so atructs were made In two ports. The 5* portkms were made using OMCD26 and OMB7 as templates and the 
ollgonucfeotkie, CTAGCCACTGAAGCTTCAtXyffGGGrrGTACTGCTCACAC (SEQ (0 NO:1), (encoding the 
amino acid sequence conreepondtng to the oncostatin M signal peptide) as a forward primer, and either 
TGGCATQGGCTCCTGATCAGGCTTAGAAGGTCC6GGAAA (SEQ IP NCX2), or, TrTGGGCTCCTCaATCAG- 
GAAAATGCTCTTGCTTGGTTGT (SEQ ID N0:3) as ravarse primers, respecth«|y. Products of tha PGR rsao- 
ss tions warn deaved with restriction endonuclesaes (Hind U1 and Bolt) as a(tes Introduced In the PCR pnmers 
and gai purified. 

The 3' portton of the fusion oonatrvcts cotr e a pon dlng to human IgOf 1 sequences was mada by a coupled 
reverse transcriptase (f romAvlan myeloWastosts vkm; Ufa Sciences AssoQatas. Bayport, NY)-PCR reactton 
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using RNA from a myelor^a can Itne producing human-mouse chimoric mAb L6 (pfDvtdad by Pr, R Fa)) and M. 
1 Gayle, 3n6JohMyom Squibb Company, PharmaoeMtical Research ln»tttMtfi» Seattle, WA) ns tempteta. The oH- 
gonucleoUde, AAGCAAGAGCATTnCCTGATCAGGAGOJCAAATCTTCTGACAAAACrrCACACAT^ 
' I CACCGTC CCCAGCACCTGAACTCCTG (SEQ ID UOA), wra& used ae forward prtnrar, and CTTCGA& 
, I 5 CAGTCTAGAAGCATCCTCGTGCGACCGCOAGAGC (SEQ ID NO;S) as revafae prifnar, Reaction products 
J were deaved With W\ ami Xbat and gel purified, pfnel constructs were assembled by ligatjng Hlndlll/Bdl 
< deaved fragments containing CD28 or B7 sequences together wKh Bcfl/Xbal deaved fiagmant containing 
IgCfl sequences Into Hlndlll/Xb«l deayed CDMfl.Ugatlon producta were tranaformed into MCi 061/p3 E. coil 
cells and cdoniea ymn screened for ttte appropnate pfasmlds, Saqusnoas of the resulting constructs were 

10 conffrmed by DNA sequencing. 

The construct encoding B7 contained DNA encoding amino adds corresponding to amino acid reafduaa 
; from approxImaNy pos^lon ^ to appioxtmately position 2 1 5 of the ejctraceltular domain of B7. The conatrud 
encoding CP2e contained PNAenoodlng amino adds coirespondlng to airilno add reslduee from approximate- 
ly position 1 to approximately position 134 of the extracariular domain of CP28, 

13 CDSIg was constroctad In tdantical fashion, u&rng CATTGCACAGTCAAGCTTCCATQCO 
CATQGGTTCTCTGOCCACCTTG (SEQ ID NO:6). as fofwaid prfmerand ATCCACAGTQCAGTGATCATTTG- 
GATCCTGGCATGTGaC (SEQ ID N0;7) es reverse primer» The PCR product was rastiictlon endonudeaae 
digested and ilgated with the |gCy1 fragment aedeaqribed eboye. The resulting construct (CDSIg) encoded a 
mature protein having an amino acid sequence containing amino acfd raslduea from position 1 to position 347 

ao of the sequence corresponding to CD5» No smino adds introduced by the construction procedure (amino adds 
DQ). followed by DNA encoding amino adds conreaponding to the IgC^l hinge region* 

Ceil Culture and Transfecttons, COS (monkey kidney cells) ware transfected with aicpresslon pfasmida ex- 
pressing CD2a and B7 using a modtflcatron of the protocd of Seed and Aruffo (Proc. Najl. Acad. Scl B4:3S66 
(1987)), incorporated by reference herein* Cells were seeded at 10» per 10 cm diameter culture diah 16-24 h 

25 before tranafection, Plaemld DNA was added (epproximatety 15 pg/diah) In a volume of S tnia of serum^f roe 
DMEM containing O.l mM chloroqulne and 600 ^g/ml DEAE Dextrap, and celts were Incubated for 3-3.5 h at 
37''C. Transfected cells were thep briefly treated (approximately 2 min) wfth 10% dimethyl sulfoxide In PBS 
and incubated el 37*)C for 16-24 h In DMEM containing 10% FCS. At 24 h after trensfectlon. culture rrredium 
was romoved and replaced with serunvf rae DMEM (6 ml/dish). Incubation was continued for 3 days at 37''C, 

so at which time the spent medium was cdlected and fresh serum-f roe medium was added. After an additional 
3 days at 37''C, the speqt nredrum was again collected and cells were discarded. 

CfiO calls ejcpreasing CD2B, CDS or 07 were isolated as described by Unsley at al„ (1991) auprat aa fol- 
lows: Bflsfly, stable transfectants expressing CD28. CDS, or 07. ware Isolated following cotronafectlon of dl- 
hydrofdate roduccasa-def tciapt Chinese hamster ovary (dhfr CHO) colls w|th a mWuro of the appropriate ax- 

35 prassion plaamid and the selectable marfcer, pS^/!2dhfr (Unsley at al., Proc, Natl. Acad- Sd. USA 87:5031 
(1990)), Incorporated by reference herein. Transfectants ware then grown in Increasing concentrations of me- 
thotrexate to a final level of IfiM end ware maintained In DMEM sMpptemanted with 10% fetal bovine sarum 
(FBS), 0J2 mM proline and 1 pM methotmxate, CHO lines expressing high levels of CD2B (CD28* CHO) or 07 
(Br CHO) were isolated by multiple rounds of fluorescence-activated ceil sorting (FACS") following indlracl 

40 Immunostalning with mAbs 8.3 or BB-I . Amplified CHO ceils negaUvs for surface expression of CDZB or B7 
(dhfi* CHO) were q|so isotatad by FACSf* from CD28-transfectad populatkma. 

Immunostalning and FACSBAnalysja. Transfected CHO or COS cells or actlvatad T cellB were analyzed 
by Indirod immunostalning. Before staining, CHO cells were removed from their cufturo vessels by incubation 
in PBS containing 10 mM EDTA. CdU wero firat incubated with murine mAbs 9.3 (Hansen eit al„ Immunooe- 

^ netlcs 10:247 (1980)) or BM (Ydkochl et el., J. Immunol. 12B!823 (1981)), or with Ig fvalon proteins (all at 10 
figAnl In DMEM containing 1 0% PCS) for 1-2 h at 4*'C. Cells were then washed, and Incubated for an additional 
0,S2h at 4*C with ^ FITCconjugaled second step reagent (goat antHmouse fg serum for murine mAba, or goaf 
anlf^nrtan Ig Cy serum for fusion proteins (Tago, inc,, Burllngame, CA)), Ruomaoence was analyzed on a 
FACS IV" can sorter (Bedon Dldcinson and CO., Mountain View, CA) equipped with a four decade logarithmic 

«o amplirfen 

Purification of Ig Fuston Proteins . The first, second and third collections of spent servm-f ree culture media 
from transfepted COS cells wer^ used as sources for the purification of Ig fgslon proteins. After ran>oyBl of 
cellular debris by low qpaed centrifugation, medium was applied to a column (approjcimately 200400 ml me- 
djum/ml padted bed volume) of Immobilized protein A (Repllgan Corp., Cambridge, MA) equilibrated with 0.05 
» M sodium curate, pH 8.0. After application ot the medium, the column was washed with 1 M potassium phos- 
phate, pH B. and bound protein wac elgted with 0.05 M sodium dtrats, pH 3. Fradlona wero collected and Inv- 
mediately peutralt^ed by addition of 1/1P volume of 2 M l^ls, pH 8. Fmctlons containing the peaK of Azqd ath 
sorbing material warn pooled anddlalyzed agalnstPBS before use. Extinction coefficients of 2.4 and 2.8 mi/mg 
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for CD26I0 and P7)g» respsctlvBly, were determined fay amino Bc)d anilysb ofsolullons of Known attBOibwioa. 
The raoovary of purfflod CD2B19 and B7la Mnc^ng activities was nearty quentlUttve a« Judged by FACS^ an»< 
lysis altar Indirect ftuoraffoent stBlnlno of B7* end CD28* CHO calla. 

j • Praparatton of CTlAHIg Fu«(on Protefci 

I A soluble ganatic fusion encoding CTLA^Ig beiwaen ttra extrsce(/u|ar domain of CTLA4 and an IgCyl do- 

) 10 main waa constructed In a manner simitar to that dascribad above for the CD28lfl Donatruct The e^mcallulaf 
I domain of \\m CTIM gene waa ctonad by PGR wing aynthatic ofigDnudeotidBs corraapondlng to the publlahsd 
I sequence (tlarfavach at al.. Cur. Joum. \mmuno^. ?B: 1901 -1905 (1988)), 

Because a signal peptide for CfJ\M waa not tdantlT led in the CTUM gone, the Ki^tarnilnua of the predicted 
sequence of CTLA4 was fused to the signal peptide of oncostatin M (MbIIK et aL. Mol. and Cell. Bid. 9;2a47 
IS (1089)) In two ateps using overlapping oligonucleotides. For the first atap, the dligomicleotidBr 
CTCAQTCTGGTCCrrTGCACTCCTGTTTCCAAGCATGGCQAGCATGQCAATG^ (SEQ 
i , j ID NO;8) (which encoded the C tennlnal 15 amino acida from the onoostatlp M signal peptide fussd to the M 
temilnal 7 amino aoida of CTMVt) was used as forward primer, and TTTGG8CT0CTGATCAGAATCTGGG- 
CACGGTTG (SEQ |D N0:9) (encoding em^no acid realduas 119-125 of the amino acid aequence ancodtn0 
I » CTLA4 receptor and containing a Bc| I restnctlon enzyme site) as reverse prtmar The template fbr thia stap 
waa cONA synthesized f mm 1 HO <>T tolal RNA from H38 celts (an HTIV II iofaciad T cell lauKemic cell line pro^ 
vided by Dn. Salahudtn and Grito, NCt, Bethacda, MD). A portion of tha PGR product from the ftret atep was 
reamplified, using an overlapping forward primer, encoding the N lenmtnal portion of the oncostahn M aigna) 
peptide and containing a Hind III mstno^ion endonucleaae stte, CTAGCCACTGiAAGCTTCACCAATGGOTG' 
» TACTGCTCACACAGAGGACGCTGGTCAGTCTGGrrcCT TGCACTC (&EQ ID NO;10) end the same ravaraa 
primer. The product of the PGR reaction was digested with Hind III and Bc| | and Kgatad together with a Bed 
l/Xba I cfesved cpNAfragment encoding the amino acid saquences corresponding to tt^ hinge, CH2 and CH3 
regbns of IgC^I into the Hind Ill/Xba I cleaved expression vector, CpMB or Hind Ill/Xba I deeved expiesaion 
vector xLN (provided by Or, Anjflo). 
30 A map of the resulting C'TlA4lg f M&lon construcl is shown In Figure 1. Sequences di&piayad in khia figure 
ahow ttw junctions bet^n CTImA4 (upper caae lettena, unshaded regions) and the signa) peptide, SP» of dr^- 
costatln M (darK shaded regions), end the hinge, H. of IgOyI (stippled regions), The amino ec|d In parenthaeaft 
was Introduced during constrMCtk>n. AsterlsKs («) Indicate cysteine to sarfria mutations Introduced In the IgCy 
hinge r^lon. The immunoglobulin superfamlly \Allke domain present In CTLM is Indicated, as are the CH2 
« and CH3 domains of (gOri. 

Expression plaamida, CDM8» containing CTLA4lg ware then transfeciad into COS cefis uelng 
O^AE/dextran tranafectlon by modification (tinsley et alv 1 991 , puvm) of tha protocol described by Seed and 
Aruffb, 1887, supra. 

Expression plaam^ constructs {fAJti or CPM6) containing cPNA encoding the amino add sequence of 
49 CTlA4le. was transfected by lipofection using standard proceduras Into dhfr CHO lines to obtain novel c«|} 
Unas stably axprasstng CTUA4lg^ 

DMA encoding the amino acid cequenoe corresponding to CTLMIg has been deposited with the ATCC 
under tha Budapest Treaty on May 31 , 1991. and has been accorded ATCC accession number 68B29. 

A prsfarrad stable tmnsfectant, exprasslng CTtA4ig, designated Chinees Hamster Ovary Celt Una« 
46 CTLA4l9*24, was made by screening B7 posltrve CHO celt Unas fbr B7 bMfng acth^tty in the medium using 
Immunostainlng. Transfectants were malnterned In DMEM suppf^merrted with 10% fieta) bovine serum (FBS)* 
0^ mM proline and 1 methotraxata. 

The CTLA4(g-24 CHO qsII line has beep deposited with the ATCC under the Budapest Treaty on May 31 , 
1991 and has been aecordad aocassjon number ATCC 1D762. 
^ CTLMIg was purified by protein A chromatography from serunvf fee oondttioned supernatants (Figure 2). 
Concentrations orGTLA4lg ware determined assuming an extinction coefTiclent at 280 rmi of 1.6 (experrmen- 
tfilly detarmlnsd by amino acid analysis of a solution of known absorbance). Molecular weigfit standarda (lanes 
1 and 3» Figure 2) and samples (1 pg) of CTVA4lg (lanea 2 and 4) wens aub^scted to SDS-fV^GE (4-12% ao- 
rylamtds gradient) under non-redMclng conditions (-pME, lanes 1 and 2) or reducing conditions (-«- pME, lanes 
fiff 3 and 4) Proteins were visualized by staining with Coomasaie Brilliant Blue. 

Under non-feduclna conditions, CTLA4lg migrated as a approximately 100,000 spades, and under re- 
dudng conditions, as a Mr approxImaNy SO.OOO specfes (Figure 2). 0ecauas (he IgC y hinga dJsulTldes were 
erimlnated during construction, CTiA4lgi iIKe cD26lg, rs a dlmer presumably joined through a ratWe disuinda 
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linkage, 
5 CTIA4 Receptor 

Jo reconKtruct DNA encoding the amino acM cequsftce correspondins to the full length hun)en CTLA4 
gene, cPNA encoding amino acids corresponding to a fragment of the tranememtvsne and cytoplaemlc do^ 
mains of CTLM was cloned by PC|% apd than joined with cPNA encoding amino adds cQtrespondlng to a f rag- 

10 ment from CTlA4}g (hat corresponded to (he oncostatin M signal peptide fuaed to the N-tonmlnue of CTLA4. 
Procadures for pCR« and call culture and transfections were as decaf bed atiove In Example 1 ualng COS ceRs 
qnd DEAE-dextran trenBTsctfon. 

Because the expnwalon of CUA^ receptor protein In human lymphoid calls has not been pievkiuaiy re- 
ported* It was neoeaaary to locate a source oT CTLA4 mHNA, PGR cONA reversa transcribed Imm the totetl 

15 cellular RN Aof H3B ceffe, as noted above, was used for cloning by PCR, Tof thto purpose, the oligonuoteotlda, 
GCAATGCACGTGGCCCAGCCTGCTGrTQGTAOTG (SEQ IP NO.il), (encoding thefrat 11 amino adda jn the 
predicted coding seqMonca) was used as a forward primer, and TGATGTAACATGTCTAGATCAA7TGATQG. 
GAAf AAAATAAGGCTG (SEQ |D N0:12) (homo|Dgous to the laet 6 amino adds in CTLA4 and containing a 
Xba I sUe} as reverse prfman The template again was a cpNA synthesized frsm 1 fig RNAfrom H3B oellft. 

20 Products of the PGR reaction were cleaved with the restriction endonudeases Noo | and Xtut I and the reciting 
316 bp product was gal purirted, A 340 bp Hind Hl^co I fragment from the CTLAIg fusion descn'bed above 
was also gel-ptirlfled, end both restriction fragments were llgated Into Hind Ill/Xba I deavad CDMB to fprm 
OMCTIA. 

The resuHing construct corresponded to full length CTLA4 (S&Q IP NOs; 13 and 14) end the ancostBttn 
8B M signal peptide, The construct Is 3hown In Figure 3 and waa designated OMCTLA4. The sequence for CT\A4 
shown In Figure 3 differs from the predicted human CTLA4 PNA sequence (Dariavach et al.. supra) by a base 
change such that the previously reported alanine at amino ac|d position 111 of the amino add sequence shovm, 
encodes e threonine. This threonine Is part of a newly identified N^tinked glycosylatlon site that may be Im- 
portant for successful egression of the fusion protein, 
3D Ligation products were transformed into MCloe Vps E. coll cells and colonies were screened fbr the ap- 
propriate plaamlds. Sequences of the rasuUinQ constructs were conf irmd by DNA sequence analyata. 

EXAMPLE 4 

ss Characterization of CTlA4lg 

To cherqotertEB the CTlA4|g oonstniCta» severel Isdates, CD2Blg, BTIg, and CDSIg, were prepared as da- 
scn'bed above and were transfeotad Into COS cbUs ae described In Examptas 2 and 3, and wars tested by 
FACSf* analysis for binding of BTIg, In addition to the above-merrtloned conatnfcts, CDM8 plesmlds containing 

40 cPNAs encoding CD7 as describod by Anjffo and Seed, (EMBO Jour, 6:3313-3316 (1987)), Incorporated by 
reference heraln, were a|so used, 

mAbs. Murine monoclonal antlhodlaa (niAbs) g.3 (antK:p?0) and G1M (anti-Cp3), G3-7 (antKCDT), BB- 
1 (anthB7 antjgen) and rat mAb 137.1 (antHnouse K chain) havp been descn>ed previously (Ladbetter et al., 
Prec Natl. Acad. 3cL B4:1 384-1388 (1987); Uedbelter et al,. Blood 75:1531 (1 980); Yokoohi et supns) and 

45 were purified from qedtes before use. The hybvldoma producing mAb OKTS wes obtained from the ATCC, 
RocKvtlle, MO, and the mAb was also purified from asdtes bsfbre use, mAb 4G8 (Bntl-Cp19) was provided 
by Dr, Engleman. Stanford University, Pato Alto, CA). Purified human-mouse chimeric mAb IB (having hu-< 
man Oyt Fc portion) was a gift of Dr. P. Fell and M. Gayte (Bristoi-Myerp Squibb Pharmaceutical Research In^ 
stitutB,Saatt|a,vyA), 

Immunostatnina and FACSSAnalyste . Prior to staining, COS or ChO cetla were removed from their culture 
vessels by Incubation In PBS combining 1 o mM EDTA- Cells were first fncubalad with mAbs or Ig fusion proteins 
at 10 ng/^l In PMEM containing 10% FBS for 1->2 hr at 4*" C Calls ware than washed* and Incubated for an 
additional O.S<2 hrs at 4* C with FITC-conjugaced goat anti-nnause immunoglobulin or with FfTC-oonjugated 
goat anif-human Ig C y serum (both from Tago, Burlingame, CA), When binding of both mAbs and Ig fusion 
so protBlns wara measured in the same experiment. BTC-conJugated antinmouse and anti-human second step 
raagents were mixed together before use. Fluorescence on a total of 10,000 cells was then analyzed by FACSi^, 
PeriphBral Blood Lymphocyte Separation and Stimulation* Peripheral blood tymphocytas (PBLs) were Iso- 
lated by centrif qgatlon through lymphocyte sepamtlon Medium (Utton Blonetlcs. Kensington* MP). Alloreac- 
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tlvo T cells WBjB tpolatod by st|mutat)on of PBl tn a penury n^ed (ymptiocyte rsMion (MLR). PBL wen cul- 
< tufwi 01 lO^Anl I^Adiatac] (5000 rad) T51 LCL E^V^transfammd lyrnphob|astold m tinet (LCU), PM (BrlBto^- 
' Myers Squtbti Co,) and T5 1 (BrfBtal-Mym Squf^b Co.) Mem maintained in HPMt «Mppfemfintad 10% FBS. 

After 6 days, altorsactNa ^btasts* cpfls were cryoprasarved. SecoDdflry MUK were conducted by CtilMng 
: s thsMred &f(arasc}tve blasts together y^th rresh irradtated T51 LCI in the presanca and abaence of mAba and 
' Ig fuBton proteins. Cefia mn culturad In 96 weD f ^1 bottom ptatea (4x10* etlareackrve btaata and 1 x 1 0* tr- 
radlatad T91 LCL ce|)c/weil. In a yotume of 0,2 ml) in RPMl containing 1 0% ras, Celtutar prdireratlon of quad^ 
rupricste cuttwras was meacurad by uptatce of pH)-tttymid{ne durlno the (sat 6 tiom of a 2-3 day culture. 
PHAractfvatad T caffs «Mra prapared by cultunn9 PBLs with 1 ^/ml PHA (Waftcome, Chi^otta, NC) ^ 
f0 five daya, and one day In madlunn lacking PHA. Viable oella ^vere odlectad by aedlipantation through L^pfio- 
cyte Separation Medium before use. Cetts ware sttmulatad wtth mAbs or trancfacted CHO oeQs for 4-6 hr at 
37*C, cUleded by cantftfugatlon end used to prapafQ WK 

CP4^T calls were jsotatadfrofn PBLa t»y teparetlns PSLafrom iTBatthy dortora Into Tend non-Tcatta using 
shaep erythroc^e rosattlnfl technique and f Mvthfir upaioting T calls by pannfnfl Into CP4* calls as desfTlM 
IS by Damla at a|„ J. Immune). 13d;1S01 (1QB7), Incorporated by refarance herein* 

B calle were also purified from peitpharBl blood by panning as daacrlbad by wyGooki and Sato, Proc> Natl. 
Acad. S<i 75:^644 (1S78}, IncofporatBd by reference herein. Ufifng anti-G019 mAh 4G9. To measure Vin- 
duced Is production. 10< CD4^ T ce{is mixed with 10* cpt fif^ B cells In 1 ml of RPMI containing 70% FBS. 
FoKowIno culture for 6 daiya Bt37''C. pMuctton of human tgM was maasurad In the culture supernatanta using 
70 solid phase EUSA as described by Votkman at al., Proc. Natl. Acad. Sd. USA 78:2526 (19B1), incoiporatad 
by rafefance herein. 

Briariy, BB^wel) flat bottoin microttter EUSA pfatai (Coming, Ccrnlnfl, NY) were coated with 200 fwalt 
, I of sodium cartionate buffer (pH 9.8) containing 1 0 pg/ml of af f inlty-purif (ed goat anti-human IgG or IgM antt^ 
i j body (Tago, Burltngama, CA), jncupated overntght at 4*'C, and than washed wUh PBS and weHs were further 
9S bloclced with 2% BSA In PBS (BSA-PBS). 

Samples to be assayed y/ere added at appropriate dilution to these wella and Incubated with 200 pl/wel| 
of 1:1000 dilution of horsaredlsh peroKldasa (HRP}-cDn>f gated P(ab')3 fraction of afftnity^purified goat antf- 
human IgG or IgM antibody (T^o). The platas ware than woshedi and 100 pl/well of o-phenylanedlamjna (Sig- 
ma Chemical Co.. St Louis, MO) adutlon (0.B mg/ml in cltratephosphate buffer with pH S.6 and 0.046% hy* 
so dmgan paroxidal. Color development was stopped with 2 N eUlfuric acid. Absorbanoe al4QQ am was maasurBd 
with an automated ELISA plate reader. 

last and contpof sarnplea war? run In triplkrate end the values of abaortanca were compared to those 
talned vqth known IgO or IgM standards run slmultanaouely w|th the aupematant samplas to generate the atof^ 
dard curve using which the conctantratlons of Ig In the culture supernatant were quantitatad. Data are oxr 
» pressed as ngAnf of Ig 1 SEM of either trip)lcate or quadruplicate cutturaa. 

lmmunoj>reclpltation Analysis and SDS PAGE. Cells were surface-tabaied with « ^ and subjactad to Im- 
munoprecfpltation analysis. Briefly, PHA^actlvatedT celle were surr^ce-t^belad with ^1 uaing laciopertutidaae 
end ^2 as deacrtbed by Vitatta et a].. J. Ekp. Mad. 134:242 (1071). fncorponatad by refenanca herein. SD&- 
PaGE chiomatography waa parfarmed on linear acrylamtda gmdlente gala with stacking gafa of 5% acryla- 
40 fnlde. Gels ware stained with Copmassta Blue, deatatnedf and photogn^phed or dried and exposed to X ray 
film (Kodak XAR-5). 

BlndirtflAsaaya . B7tg was labatad with to 8 specif |c activity of approximately 2 x 1 0^ cprn/pmola. Nlnety- 
sb( wen plastfc: dtshas ware coatpd for 1fi-24 hi« wtth a sotution oortfalning CTLA4lg (0.S ^g In a votuma of 
OM ml of 10 mM Tris, pH B), Wetia were blocked with binding buf^^r (DMEM containing SO mM BBS {Slgirn 

45 Chemical Co.), pH 6,8. 0.1% BAS. and 10% PCS) befbra addition of a eolutlon (0.09 ml) oontainlng BTlg 
(approxtmately S x 10^ cpm) in the presence or absence of competitor. Fofkiwrng Incubation lor 2-3 hrs at 23<' 
c, wells were washed once w(th binding buffer, and four times with PBS. Bound rBdfoacdvity was than aotu- 
blitzed by addition of 0.5N NaOH* and quantified by gamma counting. 

Binding to B7ifl . The functtonal activity of the 0MCTIA4 construct enooding the oompleta human C7VAI 

so DNA gene, is shown In the expanmont shoyvn in fTguro 4- COS calls ware tnansfectad with expression plaamlda 
CD7, 0MCD2B and QMCTLA4 Q8 deacrfbed above. Fort^elght hours fdllowtng transfeOtton, celts ware ooK> 
lectad and Incubated with medium only (no addHlon) or with mAbs 9.3, B7lg. CDSlg or G3-7. Ca))a waro than 
washed and binding was detected by a mbcture of F|TC-coniusaied goat anti-mouse Ig and FfTOconjugatad 
goat anthhuman Ig second step reagents. Transfected cells were lasted for axpresalon of the appropriste oatt 

66 surface markers by Indirect immunostalning and fluorescence was measured using FACSB analysis as descri- 
bed above, 

As shown In Figure 4. mAb 9,3 bound to CD2a4ren6fec&ad COS cellp, but not to CTLA44ranafected catls. 
tn contrast the fi7(g fuaron protein (but not control CDSIg fusion pretejn) bound to both CV2S- and (rrLA4- 



17 



APR. 23. 2083 m^Qm 609 252 4526 



NO. 570 P.i8/32' 



trqf^ectvd calls. Cp/^trancfec^d COS celta bound nftUher mAti 9.3 nor elthor cH the fusion proteins. Thift In- 
dicatae that CD2Q and CTIA4 ttoth tHnd the B cell actrvatkkn ant)gen. B7. Furttienriore. mAt> 8.3 did not dfr- 
tettafily bind COM. 

Binding of CTl>4ln on B7 Posftfve CHQ ceilg. To further charaoterRe the binding off CTIA4IB apd B7> the 
5 binding activpy of purif iei^ CTLMIq on Br CHO cells and on e lymphoblestojd cell Nne (PM ICU) was measured 
In the exparimenl shown In Figuie 5. Amplitleil transfected CHO cell ffnee and PM LCLs ware Incubetad wtth 
medlimi only (no addition) or an equMent concentration of human IgCyl-contslnfng pmfelns (10 ^fl/n^') of 
CDSIOr CD^ts or CTLMlg^ Binding was detected by FACSf* following addition of Frro-con^ioated goat anti- 
human Ig aecond ekep reagams, A total of lO.QQO stained oefts wm apelyzed by FACS*^» 
w As shown in Figure 6, C^28lg bound to Br CHO cells but not to pM LCL, a cell line which axpresses re}- 
atfva)y low levels of the B7 antigen (Lin^y eiel., eupre. 1990), CTLA4la pQ^nd more strongly to both cell lines 
than dU Cp2a)g» suggesting that It bound with higher eff Inlty. Neither CO20IO nor cnA4lo bound to Cmsr 
CHO celli, 

Afflntty of Binding of CTLA4lfl and B^fl , The apparent ef f iplty of Intei^ction between CTtA4lfli and BTfo 
IS was then measured using a solid phe&e competition binding assay. Ninety-six wati plastic dishes were coated 
with CTLMte a> described above. B7lg was radiolabeled with ^^f (6 X 10^ cpm, 2 X 1 oe cpm/pmole), and added 
to a concentretlon of 4 nM In the presence of the Indiceted concentrations (Ftgure 6) of unlabeled chimario 
mAb 16, mAb 9.3, mAb BB^I or 07lg. plete-bound radioectivf ty was determined end expressed as a percentage 
of radloactfvUy bound Co wells creeted without competitor (2B.30Q Bfim\ Each point represents (he mean of 
20 duplicate determlnetlonsi replicates generally varied from the mean by ti 20%. Concentrations were calculated 
based on a Mr of 75.000 per binding site for mAbs and fi1 ,000 per bindJirg site for B7l0. 

As shown In Figiira 6, only mAb BB-I and unlabeled B7(g compatad significantly for ^^-97|g binding (half 
maximal effects at approximately 2Z nM and approximately 175 rMf reGpecthwIy)^ Neither chimenc mAb LB, 
nor mAb 9.3 competed effecth^aty el the concentrations tested. In other experiments, the concentrations of 
7B mAb 9.3 used were auff fcjent to InhthH binding of ^^UB7\a to immobtHzed CD28lg or to cell surface expressed 
CD2Bby&90%. 

When the competition data from Figure 6 were pfottet^ In a Scatchafd representation, e dissociation con^ 
stem, Ktf, of appmximatejy 12 nM w^s calcmated for binding of i«H-B7 to immobUlzed CTLA41g iFigure 7). This 
value Is eppnoxtmately 20 fold lower than the previously determined K0 of binding between ^^H-B7)Q and Cp2B 

90 (approxtmataly 200 nM) (Unslay et 0l, (ig91 ), supra) Indicating that CTVA4 Is a higher affinity receptor for the 
B7 antigen than CP2B receptor. 

To Identify the mo|ecu|e(s) on tymphobfastoid cells which bound CTLA4I0 (Rflure 7), ^^^uriBtx labeled 
cells were subjected to Immunoproclpltatlon analysis (Figure 6), BT^CNO «nd PM LCL cells were surface-lab- 
eled with and extracted with e non-Wnic detergent soiution as descrtbed ebova. Aliquots of extracta con^ 

J5 taming appraxlmetefy 1 ,6 X 107 cpfp \n e volume of 0.1 mi were subjectad to lmmunopreo|pltet[on analysis as 
described above with no addition, pr 2 pg each of Cp2B)s, CTtA4tg or CDSfa. Washed Immunoprectpttates 
were then analyzed by SOS-PAGE (10-20% ecrylamlds gradient) und^r reducing conditions. The gel was then 
dried and subjected to eutoradlogtaphy. The left panel of Figure 8 shews an eutor^dlogram obtained after a 1 
day exposure. The right panel of Figure fl shows an autoradlogfam of ihe same gel after e 10 day exposure. 

« The eutoTBdrogram in the center panel of Figure B was at«o exposed tor 10 days, positions of molecular weight 
standard are also Indicmad in this f Igurs. 

As shown by Rguie B. a dffrusaly mjgmtino Wf approxlmetely S0,000 - 75,000; center at eppnaximotely 
60,000) radiolabeled protein was immunoprecipltaCed by CTM4lg, but not by CD2B|g or CpSlg. This molecule 
co-migrated with B7 ImmMnopredptteted from Br CHO cefla by crLA4lo, and much more weakly, by CD2fllg. 

4S These f Indlrqs indtcate that CTLA4lg binds a single protein on lymphobfeatold cells which Is similar In size to 
the B7 antigen. 

Inhibition of Immune Responses In Vttro by CTLA4ta 

90 Inhlbttkm of Prolrferatlon . Previous studies have shown that the antHCD2S mAk>, mAb 8.3, and the ahti- 
B7 mAb, mAb B^-1, Inhibit prollfeiBtlon of alloantlgen specific T h cells, as vnsll as immunoglobulin secretfon 
by alloentlgep-piiBsentIng P Caps (tXimIe, et al., Ppoc Natl. Acad. Sd. 78:5096 (1981); l.esslauer etal,, Eu^ 
J. Imrnund. 16:1289 (1966)). Because CTLA4 is a high affinity receptor for the B7 antigen as demonstrated 
herein, soluble CTIJV4lg wee tested for Its ability to inhibit these responsas. The effects of cnLA4lg op T celT 

M pfoll fenallon were examined In the experiment shown In F gure 9» 

Primary mUed lymphocyte reaction (MLR) blasts were stimulated with imadlated T51 lymphoblastold cells 
{IC) In the absence or presence of concentrations of murine mAb 9.3 fab fragmente, or B7lg, CD2B|g or 
CTLA4la immunogloburin Cy fusion proteins. Cellular proliferation was measured by pHJ-thymldlne lncolpo^ 
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atlon after 4 d^ys anc| expressed as the pertentaga oT incorporation by untreated cultures (21,000 cpm). 
Flaure 9 shows (ha means of quadruplicate determinattonc (SEM ^ 10%), 

As shown In Rguro 9, C7lA4lfl inhibited the MLR rpactlon In a dDse^ependani fashion hy a maximum of 
> 90% with a IVZ maximal responae at approximately 30 no/ml (approximately 0.6 nM). The Fab fraflmant of 

3 mAb 8.3, which pravioufily vi^s shov^n to be a more potent Inhibitor of MLB than whole mAb 9,3 (Pamte at at., 
. J. Immunol. 140:1753-1761 (19B8)), al«o Inhibited the MLR. but at higher concentrattons (appmietmatBly 600 
nfi/mi or apprpwmetely 30 nM for 1/2 ma»mal reBponse). BTIg and CD28lg dM nor algnlf Icantly Inhibit the MLR 
even at higher concentrattons. In another experiment, addition of B7lg together with CTlA4lfi partially over- 
came the inhibition of UiH by CTLMIg, Indicating that the inhibition vytas apeciflcally due to (nteracttons with 

io B7 antigen, 

Inhibition of Immunoglobulin SBcration^ The effects of CT1-A4lg on helper T cell (T^>^(nduoBd jmmunoglo- 
buftn secfstbn were a|so examined (Figure 10). T calk warn mixed with allogeneic CD18^ B cefls In the 
praaence or absence of the Indicated lmnmjno0lo>ulln molecules as described above. Murine mAbs OKT6, S.3 
and were added at 20 >i0/ml. and |g fusion pfotolns at 10 ^ml After 6 days of culture, concentrations 

16 of human IgM (SpM < 5%) m culture supernatants were determined by enzyme immunoassay (EUSA) aa <|a- 
acrlbed above, IgM production by B cells cultured In the absence of Ct>4^ T cells was 11 ngAnnl. 

Aa shown In Figure 10, CD4" T oalta stimulated IgM procftictlon by allogenic CP 1 9^ B Cells Cm ^e absence 
of CD4^ T calls, IgM levels wars raducad by 93%). mAbs 8.3 and BB-1 slgniflcanUy inhibited Tf,-induced IgM 
prodMctlon {63% and 65% Inhibition, respectively). C7lA4lg wes avan more effective as an inhibitor (89% In- 

» hlblUon) than were these mAbs, Inhibltbn by control Ig molecules, mAb OKTS and CDSlg, was much lees 
30% inhibition). None of these molecules significantly Inhibited |g production meaaured In the presence of 
phylocoocal aureus anterotoxin B. Similar results were obtained with C04* T cells and B celis derived from 
other donors. These resufts (ndicape that the inhibition by CTlA4lg h apecif Ic 

The above data also darnonatrate that the CTLAA and CP29 receptors ere functionally as well as struc* 

36 tumliy related. I-Ike CD26, CTLA4 Is eiso a receptor for the B cell activation antigen, B7. crrLA4lg bound i^sf. 
B7 with en affinity constant, Ka, of approximately 1 2 nM, a value some 20 fo|d higher than the affinity between 
CD2e and B7ig (approximately 200 nM). Thus. CTLA4 and CP2a may be thought of as high and tow affinity 
receptors, respectively, for the same ligand. the B7 antigen. 

The apparent affinity between CD26 and B7 Is similar to the affinity reported tbr binding of soluble elloan- 

90 tigen to the T cell receptor of a rnurine T cell hybridoma (approximately lOO nM; Schnek et aK, Cen 56:47 
(1B89)), and is higher affinity than Interactions beKveen CD2 and UFA3 (Recny et at.. J. Biol. Cham. 266;8542 
(1980)), or CD4 end MHC daes II molecules (Clayton et at.. Nature 33$;54S (1D89)). The apparent affinity con- 
stant. Kt, between CUA4 and B7 Is even grsater, and compares favorabty with higher affinity mAbs (Kd 2- 
1 0,000 nM; Alzari at al ^ Ann, Rev, immune 6:556 (1 988)). The between CTI-A4 and 87 is similar to or greetor 

» than K4 values of Integrin receptors and their Dgands (10-2000 nM; Hautanen el al*, J. Blol> Cham. 264:1437- 
1442 (1969); Di MInno et a|„ Blood 61:14&-14B (1983); Thtagar^n and KeKey, J. Btol. Chem. 283:035-3038 
(1986)). The affinity of interaction between CTLA4 and B7 Is thus among the highest yet reported tbr lymphoid 
adhesion systems. 

TT)Bse results (temonstrate the firat expression of a functional protein product of CXIM trenacripta. 

40 CTtA4lg, a fw\on construct containing the extracellular domain of CTLA4 fused to an lgO/1 domain, forms a 
diautf ide-llnked dimer of Mr approximately 50,000 subunits (Figure 1 ), Becauae rK> Interchain dlsulTides woUd 
be pradfOed to form In the Ig portion of this fusion, it seams likely that cysteines from CTUA4 ana involved rn 
disutfkle bond formation. The analogous CP281g fusion protein (Linsley et al, euprs . 1991) also oonteins in- 
terchain disulfide linKage(K). These results suggest that CTLA4 raceptor. like CD28 (Hansen et a)., Immuno- 

46 genetics 10:247-260 (I860)), exists on the T cell surteoe as a disulfide linked homodlmer. Although CD28 and 
CTLA4 are highly homoKigous proteins, they are Immunologically distinct, because the antl'CD26 mAb, mAb 
6.3. does not recognize CTLA4 (Flgums 4 and 5). 

It Is not known whether CTIA4 cap activate T calls by a signalling pathway analogous to CD28. Ttie cy- 
toplasmic domains of murine and human CTIA4 are identical (parlavach et el., supra 1666), suggesting that 

so this region has Important functional properties. The cytoplasmic domains of CI326 and CTLA4 also share horv 
ology, although it {a undear If this Is sufficient to impart similar aignaling propartlaa to the two molecUjea. 

CTlA4lg Is a potent inhibitor of in vitro lymphocyte functions requiring T cell and B cell collabaratkin (FIj- 
urns 9 and 10). These findings, together wf^ previous studies, indicate the fundamente) Importance of inter- 
actions behveen B7 antigen and its counter-receptors, CD28 and/or CTLA4r In nsguiating both T and B iyrr>- 

5$ phocyte responsea. CTLA4lg should be a useful reagent for future jnvecttgations on the role of theee Interac- 
tions during immune rssponsBe. CT1^4lg Is a more potent inhibitor of in vitro lymphocyte rasponaes than either 
mAb BB-1 or mAb 9,3 (Figures 9 end 10). The greater potency of CTLA4lg over mAb BB-1 Is moat likely due 
to the difference In affinities for B7 between these molecules (Flgurs 6), CTLA4tg Is also rnore potent than 
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mAb 8.3, pmbfibly becBMse, uryiika the fi)Ab, it doas pot itso hove dlroct stfittutatDry effects on T cell prollftr- 
atbn (June et «!., Immunotofiv Today 11 all (18Bd)) to countemct its Inhibitory offadt. The immuno«upprB«- 
sfvo effects of CTlA4lg Invjtra suggett that future tovestigBtionc are ymrrsntad into posvlbte therapsutfc af- 
fects of ^lE mojecute for treatment of eutDfrnmune disorders tnvolvtna abermnk T cell nctrvetian or Ig produo* 
i tlon. 

As will be apffcirent to thoae skilled m t)|e art to \ivh)ch the Invention pertelns. the pra&ent Invention may 
, be entMxtleij Ip forms other than those specifically disdosed a^ove without departing from the spirit or et- 
; sentia) characteristics of the Irrvsntlon. The particular erhbodlments of the Invention desoibad alMsye, ans, 
therefors, tq be cDnaldered as niustratlve and not restrictive. The aoopa of th* present Invention Is as set forth 
I In the appended daims rather than being limttefl to the examples contained in the foragotng description. 

Female BALP/c ahd CS7PLW <H-2*)m|cB, 6 to a iMt- of sfle were obtained from The Jackson Lat^- 
IS oratory (Par Harbor, ME). 

Human pancreatic Islets calls were purified after collegenasa digastion as described (C. Ricordl ar al. 
Transplantation S;S19 (189iy; A. a Tzakis et el lancet a3B:402 (IdSO); C, Rlcordl, P. E. lacy, E. H. Fln)ca, 
B. J. OlacK D, W, Scharp, Plabetes 37^«1^ (196B)), 

86 or B1Q mica, treated with streptosracin (176 mg par KRogram of bo(jy weight) 3 to 5 days betbia tran»- 
20 plant and exhibiting nonfasting plasma glucose levels of greater than 280 mg/dt (yfth the m^|ar«y over 300 
mg/N)i were used as rsciplents. 

Each animal received approximately apo freah human Islets of 150 |tm In diameter beneath the left renal 
capsule (P. FauBtman end C, Coe, Science 25^1700 (1981); Y. J. Zeng et at. Transplantatlan 53:277 (1982)), 
Treatment was started immediately after tranaplan^tloa. 
» Control animals were treated with PBS (solid lines) or L6 (dotted lines) at 50 pg every other day for 14 
days tmmodlateiy after transplantation (F)gure ll A). I&)et transplants were considered rejected when glucose 
levels wera greater than 260 mg/dl for three consecutive days, Anlmajs treated with PBS (n ^ 14) and L6 (n " 
8) had mean graft survivals of 5.6 and 6.4 days, respectively, 

Animals wore treated with 10 itg of CTlA4lg for 14 consecutive days immediately after transplant (n = 7) 
so (Flgum 11B). Three out of seven animals maintained their grafts for >60 days. The remaining four animals had 
a mean graft survival of 1 2.76 days. 

Animala were treated with 50 pg of cTLA4lg every other day for 14 days immediately after human Mat 
transplantatkin (Figure 11 C). AH animals (n 12) traated with this dose maintained srafts throughout the ana* 
lysis (Figure 11 C), Selected mice were nephrectomlzed on days 21 and 29 after the transplant to assess the 
« grafts function (Figum 1 1 C), 

Hlstoloqy was performed on Kidneys transplanted with hunian jslet celle (Rgures IZA, 12B, 12C» 12D). 
The slides were analyzed blindly, 

Hematojcylln and eosin staining of a control human Islet grafted mouse 29 days after tranaplantatfon 
showed a massNa tymphocyte infiltration (Rgups 12A), The same tisaue» stained for Insulin, showed no d»- 
40 ceclabia Insulin praductbn (Ptgura 12B), 

Htstploglcal examination of tmsus frpm a CTiA4lg^eaTad mouse 21 days after transplant showed intact 
islets under the kidney capsule with very few lymphocytes Infiltrating the tranaplantad Ijasua (ptgure 12C). 
The tissue wasstained with hematoxylin and eosin. The same tissue from th» CTLA4lg-trBated mouse, stained 
for in&Ulint showed the production of insulin by the grafted Islets (Figura 12D). Similar results were ctaervad 
4s In graft ttsaue examined at later time polnta. The upper, middle, and lower arrowheads Identify the ktdney cap" 
sula, islet transplant, and Iddney parenchyma, raspacUvaly. 

In the htatopathology assay alt tissues wens fixed in 10% buffered formalin and processed, and 5-pm se&- 
tlona ware stained either with hematoxylin and eosin or for Insulin with the avIdin-btotin-paroiddBse method 
(S. M. Hsu, L. Ralna, H. Fangar. J. Htstocham, Cytochsmi 29:577 (1981)), MagniHcatlon was x 122. 
90 InFigure ISstreptozatoctn-trefltsdanimalsweretrBnsplantadasdescrtbedhereinatiaveforFtgursll.T^^ 
mice were treated either with P33 (dotted lines) or with MAb to human 67 (solid lines) at a dose of SO pg every 
other day for 14 days (Figure 13), ContrpI animals (trealad with PBS) (n = 3) hod a mean graft survival of 3,5 
days, whereas ant|-B7-treated animals (n = 5) maintained grafts from 9 to >60 days (Figure 13). 

In Figure 14 norma) glycamk:, crnA4|fi-traated. transplanted mice (dotted lines) were nephractomized on 
55 day 44 after iransplant and Immediately retranspfanted with either 1 000 first party donor Islets (dotted lines, 
solid circlea) or 1000 aecond party islats (dotted llnea, open circles) beneath the remaining kUney capeuta. 

"mese Islets, frozen at the time of the f ir^l trensptant, wertt thawed and cultured for 3 days before trena- 
plant to ensune Islet function. BIO mk^e that had been treated with streptazotocjn and ejditbtted nonfasttng glu- 
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i CO30 }0v«ls of grB«tor tf?an 280 mgfiS\ warv owd controls (solid Khm) (Flgum 14). No matmonl wss glvvn 
after transpfaniatjon. 

! ContfD] animals rajected both r^e f iret party (solid Jlnea^ dosed crrcfaa) and the second pajty (aond lines, 

I open clrdea) lelet grafts ^ day 4 after tfanaplant (Figure 1 4). CTLA4|g-^trealed mice retransplantad with 
I 5 second party islets had a mean graft survival of 4.6 days, whereas animals retransplanted with first party donor 
I iBlats malntatnad grafts for as long as anstyzad (>60 days) (Figure 1 4). 

I CTUUIg sionlficanHy prolongs human ialat graft aurvrva! in mice In a donor-specific rnanner thereby pfoWdr 
; Ing an approach to Immunoauppnaeaion 

j 10 

C57BU/6 (B6) or C57BL/10 (D1 0} mica were treated With straplQTiotoctn to ofiminatB mouse pancreatic istet 
B dell function. Diabetic aplmais war? grafted under the Kidney capsule, and treotnnant was started ImmediatB^ 
! ; )y after surgery, Survh^l of the la|et pafta montiored by the wnelysls of blood oHucoae concentrations. 

Transplanted control animals, treated w(th either phosphate-buffered saline (PBSXn = 1 4) or UB (a human 
, 16 |gGl chlmedc MAb; n = B)« had a maan graft survival of S.6 end 6^4 days, reapecth^ty (Figue 

In contrast, islet rajectkin was delayed In animals treated with CTVMIg (1 0 ^g per day for 1 4 days), with 
four out of the seven animals exhibiting moderately prolonged mean graft surwh^a) (12,75 days), whereas the 
remalninfl three animals maintained normal glucose levels for >B0 days (Figure 11 B). This eventual IncpeBaa 
In glucose oonoentratlon may be a result of tajet exhaustion taecause no evidence of active celMar rejection 
2D was observed. 

fn the three mice that me|ntalned tDng-term Islet grafts, the transient (ncrpaae In gtuooae concentrations 
around day 21 after the transplant may have represented a seff-llmited rejeotfon episode consistent with the 
pharmacoKfnetfcG of CTtA4lg clearance after therapy (p. S. Ltnafey et al„ Science 257:792 (1992)). 

In subsequent exparimenta, the dose of CTLMtg w^s increased to 50 ^g per animal every other day for 
« about 14 days. This treatment resMfted (n 100Vt of the animals mafntalnfris normal isfet fkinction thraughadt 
the experiment wRh no signs of a mjactlon otfila (Figure 1 1C). 

In order to confirm that insulin production originated from the transpiented islets and not from the natNe 
mouse pancreas, we pephrectomiKed selected animals at days 21 and 29. to remove the islet grafts (Figuns 
11C). In these anlma|S) g)ucose concentrations incFsaaed to above 350 mof*^) within 24 hours» which Indicated 
30 that the isfet xenograft was r esponslbia for maintaining normal glucose levels, ft appears that the tilocking of 
the 0023-07 Interaction iiihMB xenogenlc Islet graft reaction. 

The effects of treatment with the solMble receptor, namely CTLAIg f ualon protein, were not a rasuft of Fc 
binding (L6 did not effect graft rejection} or genera) effects on T cafl or B eel) function in 

Historical anatyses of Itlet xenograf tf rom oontml (PBS treated) and CTLMIg traated mice were done (FIO" 
3S un»s 12B, 1 2C, 1 2D). The is|et tissue from the control animal demonatraled evidence of immune r^eckion, 
with a marked lymphocytic Infiltrate into the graft and few remaining Islets (Figure 12A), 

Immunohlstochamical staining showed that tnsulln-posttjve calls were praeent only rarely, and no soma- 
tostatln-posltlve cells were prsaent at a|1 (Figure 12B). In contraet transplanttiasue from the CTLA4lg''tree(bBd 
mice was devoid of any tyntphocytic Infiltrate (Figure 12C). 
« The grafts wers Intact, with many Mela visible. In a4dll|on. Che B cells observed In the human tslat tissue 
produced human insulin (Figure 1^) and somatostatin. 

The human CTl>4tg u^d in this study reacts with hoih murine and human B7. One advantege of the xa- 
nogenelc transplant mode} |g the availability of a MAb to human B7 that does not roact with mouse B7 (T. Y6- 
kochi, K p. Hollyi B, A, CiarK, J. Immunol. 12B:BZ3 (1982)). Ttiua, the role of human B7-'h6ar{ng antigan-^rfr- 
« sentlng calls (APCs) oould be dIrecCty examined. 

The mice were traniplented as descift>ed and than treated with 90 pg of MAb to human B7 every other 
day for 1 4 days after transplant T^ls treatment prolonged graft survival In treated mica (9 to >50 daya) In com^ 
parlton to that for control mice (FIgura 13). The anti-<B7 MAb is unable lo block rejection as effectively aa 
CTUWIg. 

so The CTlA4lg therapy resulted (n graft acceptance in (he majon'ty of mice. Howevert the animals may not 
be tolerHnt Transient (mmunosupprvsslon can lead to permanent Islet graft acceptance because of graft ad^p- 
tqtfon (the lost of Irrununogenlcfty as a reautt of the loss of APC function) (L Kao, Y. Wang. R- 6. Gftl. K. J. 
tafferty, J. Imnrunaf* 139;4022 (1987); K. J. Lafferty, S. 4. Prowse, M. Slmeonovlc, Annu. Rav. Imrnunol. 1:143 
(1883)), 

S3 In order to differentiate between these possfbditles, we nephrectomlzed selected xanogrsfted* CTLAi)g- 
traated mice (day 40} and rstrensplanted them under the ramarnrng kidnay capsule with either the original do- 
nor Islets (first party) or unrelated second party human Isfets (Figure 14). 

Streptozotodn-treatsd control animals, having never receh/ed an islet graft, were also transplanted wfth 
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etchor ftrct or secorxj party |Bte(&. No iraatmant efter the Iranspf^nt w>s. o*^- Cpntrol anlmalt rejMsad the 
firtt and cacond pttrty Islatc by day 4, TTie CTLA4[g-traated anlmala that had racatved the aocami party Meta 
rejactad thase {afata by 5, wharaaa arjlmsls reoeNIng first party dortor tcteta meiotBlned CNe gmfts fbr>eo 
daya (Figura U>. 

5 Thase resulle ^ggest that tha CTU4lg traatrnentraaultad m pr^torrged dortornspeclf Ic unrasponalvanass 
ro tha xanogapoic jalBta. Tha ability of the murine immune responas to distinguish dlffererKsa among the hg- 
< man Islet doners also supports the direct recognttion of iha potymorphfc MHC products exprassad on the hu- 
i rnantatetcafts, 

I 

; « EXAMPL£6 

j Fomala PALB/c (H-2*) and C57PI./6 iH-2*)m)c8, 8 to 8 vi*. of age wara obtained from Tha Jackaon l,ab- 

I oratory (9ar Har^ior. fA^ 

MonoclonaT antfbody Is a rat IgGI arrthmurlne {0\\m^ J.« and W. Paul, 18as. Productfon of 
II ftf j a nionoclonal antibody to and rnolacular charactarizatlon of 3>^|| atlmulatory factorl , Nature 316:333) O^erax 
(Ubanoh. NH)). 

BALB/c mrca (f iva par group) yime inmiunizBd intravenously with to* SBBC alone or together with 200 >ig 
chimeric mAb or hMman CTlMlg f uafon proteln> The indicated groups wara traatad 2 hrsr prior to Injection 
of SRBCs by intrHperJtonaat Injactlon of 2 ml^ (^f elthar rat lmmuriDg|obu[|n or rat antkmirtns mAb 11B11 
20 at 5 mg/m). Treatmant with chimeric t6 mAb or CTLMIg waa repeated dally for 4 additional days. 

All animals wara given Intravenous ir^ecttona of SRaCs (Fjgura 15) or KLH <Rgura 16) on day 46. Spe- 
cifjcaDyf In Figure IS, tha dossd drcie rapraaanta mice who wofa administered wi^ only SRBC at day 0 and 
day 46. The open cirda repr^eenta mice admin'tetered with only SRBC at day 46. The ramarnlng mice repre- 
sented In Figure 15 were further admlntstarad with SRBC at day 46. In contrast, in Figure 16, the mice wara 
2S adminlEtered with a different ImmMnogan* KUH. at day 46 only. 

Serum concentrations of mice maasurad as having antibodies directed against SRBCs or KUH were de- 
termined tfy EUSA as descdbed (L^insley at a|., Science 1992). 

Sei\jm antibody ttters were calculaied as the dilution giving an A^e of fhra times bacHgrnund. Serum an^ 
tibody titer values fmm FIgora 15 were determined from pooled sera from five mice per group, while serum 
90 enttbody titer values from Figum 16 mpresents mean liters of fh^ Individuai sera. Amiws indlcete an SF^c 
or KLH injection at day 4a 

Figures 1 s and 1 6 show that the immunofogfcaf wptmsB In mice Inlected concurrently with both CTlA4(g 
and anll^lU (open triangle) k suppratsed In an antfgan^speclflc manner. 

Figure 15 shows that there Is no rise In serum antibody tttsr (Ke. no primary or secondary immunologlca) 
as fissponse) in mica in/acted concurrently with CTLMIg and ant'hM and injacted with SRBC at day 0 and day 
46, The oombinatldn of CTVA4lg and anti^U suppraBees a primary and secondary immune response and irf- 
duces long lasting lmnHino|og|caf non^responsivanass to SRBC, 

Additionally. Figure 15 shows that thena Is no primary immunologlca) response in mice Inlected ooncinv- 
mntfy with Cn>4lg and the cqpiM rat |g (Cappel, OrganantecKnlkSf Palo Alto. CA)s However, these mice ex- 
40 hlblt a secondary Immunological rasponss after iniection with SRBC at day 46 (closed trfangle. Figure 1 6). 

Figure 16 shows that adminlBtralion of CTLa4»9 and ant)-M. followed by a different Immunogan, Hm* «t 
day 46 In mfce does not suppress a pt^rniry Immune response to KLH in mlce^ Instead, these mice exhibited 
a primary immune response to KtH (open trfangle, Figure 16). Thus^ mica treated with CTLA4fg and antMU 
exhibited a highly specific Immune response depending on the antigen administered theraln. 

43 

EXAMPLE/ 

By a|t8^p0cltjc and homojoQ mutageneais, we have tdantlfiad regions in CTlA4|g which am raquired for 
Its high avidity binding to B7-1, ThefoUowing Is a description of how to make sohible CTLA4/CP2e hybrid fusion 
ISO proteins whjch bind 87, 

MAT^ULS AND METHOP& 

Monocfonai anUbodies (mAbs). Murine mAti's specific for C7VA4 were prepared end chamcterlzed as pre- 
H viously described (Unsley et al. JJBx. Med,. (1992) 176:l5g5-1604)s Antibody 9.3 (entU:DZ6) has been de- 
scrfbed previously {(HanMn etat., Immunogenetlcs 10:247-260 (1960)). 

C0ll Cuftum, The prep^tlon of stably transfected B7-1 positive CHO cotfa pas been previously described 
(Unsley et tn J.Eko. Mad. 173.721^730 (1991); P. S. Unafley et al.. J, Exp. Mad. 174:561 (1891)). 

n 
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Celts warn maintained In DM^M supplemented with 10% fetaf bovine serum (FBS). a2mM proline, and 
TnethPtrexate, COS ca|)a were omwn In PMEM eupplemented with 10% FBS. CUA4lg was prepared In 
CHO ca|(8 ^ prevkiuely defioibed (Example 2). 

CTLA4/0end C028J{g afte-drrecfeif mutant express jan ptaamlt^B, Sftei^irected mutagenesis perlbrmad 
on a vector encoding soluMa chlmar^ form of CTLM (CTLA41s) In vvh)ch lha axtraoeDular domain of CTTLM 
wa» genetically f qaed to the hlHO^ 4nd conatent regloqa of a human tg3 haavy chain (Example 2). CTVA4lg 
alto- directed muc^nta were preparad by ericodlng tha desired mutation In overlapping oligonucleotide primara 
«n4 ganfijnatlno the mutants by PGR (Ho et al., 1969, aupr^.) using the CTUUlg ptasmld cortslruct qa a tam- 



10 S'tK mutanta wars preparad which encoded substitutions to alanine In the highly conserved hexapapfcida 
9BMYPPPY103 rormlno part of the putative CpRa-tIKe domain (Rgures 17 and 22) (Ho et aU, 1989, eupm.). 
Thsae mutanta are deccrl^ In Table 11, 

In eddltlon. two mutants encoding the residues P103A and Y104A (MVPPAY and MrpPRfC mspcci^aly) 
from the Cp20|g 99MYPPPY104 hexapeptlde using CD2B|g as a template ware also prepared by th* same 
15 method. These mutants are $|so deacnbed in Tabto H. 

Primers required for PGR reactions but not for Introductrtg mutations included (1) a CPMB forward 
' ^ j ' (CDM6FP) primer encoding a cpmplementary aequenoe upacream of the Hlndllt restriction site at the 5* end 
' of the CDMfi sluffer region* and (2) a raverse prtmar (CDMARP) encoding a complementary sequence down- 
stream of the Xbal site at the 3' and of the CDM8 stuffer reg Ion. 
30 These primaffi encoded the fbllowtno sequer|ces: 

CDMePP:5 '-AATACtSACTCACTAirAGG 
CDM8RP : 5 ' -CACCACACTCTAOTAACC 



PGR conditions consisted of B min at 94"C followed by 25 cycles of 1 m|n at 94'C 2 mtn at SS'^C ar\d 3 
mio at 72"C. Taq polymerase and reaction conditions wore used as sugoested by the vendor (Perkin Elmer 
Cetus, Emeryville, CA). PGR products ware digested with Hindlll and Xbal and Itgatsd to Hindlll/XbalKaJt 

3P CDMB eitpresajon vector. 

To oonflrm that the cleslrsd mutations had bean inserted and to verify the absanoe of secondary mutatlona, 
each (H'LAAIg mutant fusion protein (an example of a soluble CTI>4 mutant fusion protein) was seqgenaed 
by the dldaoxy chain termination/extension reaction with Saquenase reegants usad according to the menu- 
facturers recommendatlona (United States plochemlcat Corp., Cleveland, oH)* 

S6 Plasmlds were trsnsfeded Into cos cells (Aruffo et al.. Celt 61 :1 303 (1990)) and the condUionet) media 
was used as a source for the resulting Ig mutant fusion pmtfilna. 

CTlA4/cp28lQ hybrid expressfon plasmfds. CTLA4/CDzeie hybrid scan plaemida encoding the constructs 
H62, HS4, HS4'A, HS4'8, and H36 (Figure 19 an4 "niblo 0 were prepared by PGR ueing overlapping oligo- 
nudaotlde primers designed to Introduce CTtM sequences Into Cp2a|g while, at the aametlme, deleting tfw 

M equivalent region from Cp2a* The same CDMB forward and reverse PCR primers described above were also 

I uaect. 

The following Is a jiat of the CtLMfCD28 hybrid fusion proteins which were made. 
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DESIGHnOtt 
BSl 

RS2 

BS3 

HS4 

BSU 

KS4B 

HS5 

HS6 

KS7 

BS8 

HS9 

H610 

HSU 



CD2B 

CD2B 
CD28 
CD2B 

CD28 

CD28 

CD2B 

CD28 

CD2a 



1^24 OF CD28 
97-125 OF CD28 
X-.22 OF CTIA4 
9 £-125 OF CTLA4 
96-125 OF Cn28 
96^123 OF CrLA4 
96-113 OF CTIA4 
114-123 OP CTIJ14 
25-32 OF CTrA4 
25-32 OF CD28 
96-123 OF CTIiX4 
25-32 OF CTIA4 
25-32 OF CTIA4 
96-113 OF crrA4 
25-32 OF CThAA 
114*123 OF CTIA4 
96-123 OF CTrA4 

51-58 OF rarA4 

25-32 OF GIIA4 



HS12 
»S13 

HSU 



CD2e 
CD2B 

CD2B 



51-58 OF CTIA4 
96-123 OP CTIA4 
51-58 OF CTIA4 
96-113 OF CTIA4 
25-32 OF CTLA4 
51-58 OF CXXA4 
96-113 OP CTIA4 
51-58 OF CTlJk4 
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Each cDNA co^tnict w4s genetlcany llnKed to cPNA •rtcoding tfi» htng* ^nd constant rasions of a human 
IgGI In order to maHe »o)uMe chliparaa, 

A HS6 hytnd was prepamd in a stmilar tmmar to that ctsacribsd above evcapt that Che CDRI-inca m\on 
in CTLMlQ waa reptaoad with t?m equiyalartt raglon irom CD28)o, 

HS7, H88. and HSS oonstrqqta «vare prapared tt^ reptacina a mSSQ t>as»-patr Hlndlll/Hpal 5* fragment of 
HS4. HS4-A, and HS4-B, raapactjvaly, wfth tfta equValeni cDNATragment aitnllarly dlgoatBd Trom HSS thua 
Introducing the CDR1-ltKe loop of CTUM into tiiose hytiilds qfrsady containing the CTIA4 CDR3-llKe region. 

HSlOtHSIS conatnicta am domain homojog mutants which were praparad by tntroductng the CDR2-ltKa 
loop of CTLMIg Into prsviously cpnatnictsd homolog mutantG, This was dona fay ovarfapping PCR mutagsn- 
aafs whareby piimera vvsre deelgned to Introduca CTLA4 CDR2-(iKa saquencas into Momoloo templalBa while 
at tha aame timo delating ^a equivalent CP28 CDR2-Uke region from the motecufo. 

Aooordir^, NS4 aarved aa a template to make Ii&l0; HS7 served as a template to maka HS11; HS4-A 
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' served at a template to m^e HS12; and HSP served as a tsmplofts to maKe HS13 (Rgure 19 and Table I). 
The CDM8 primers described above were also used (n tliese oanetrvctiona. 

The HS 14 hybrid cpnstruct was prepered by replacing the CDR2-IIKe loop of cp^B with the equivalent loop 
from CTtA4ls (rigure IB end Table I), 
s Oirgomidsotide prtmen designed to tntreduce Iheae changes vyere used tn overlapping PCR mutagenesis 
Identical to that deacrfbed for other mutants. 

PCR reactlqns end subcfoning into comb were pertornoed as desorfbed above. Again all mutants were 
eequenoed by the dfcfeoxy chain terminatlon/extensfon rBaj;llan* 

Ptesmlcis encoding each of the mutants were tmnsfected into COS cejks and the reeulUno soluble Ig fuQ'on 
10 proteins were quentltated In culture medie end vf&ualtzed by Western bM as deeqibed In following eectloria. 
j Quantrtaf/on of f ha reauning Ig fuajion prolsina tn cuHuro medin. Soluble nmtarit fusion proteins were quap- 

titated In an en^me Immunoassay by determining the amount of tg present In serum-free COS ceO culture 
I media. 

I MIcrotlter plates <lmmu)on2; Dynatech Labs., ChantlUy, VA) were coated wtth O^Spg/ynt 9^ anO-human 

I f5 IgGtJactcsonlmfTHinorase^rchUbs,. West Cheater^ PA) for 1B-24het4*C.vyens were 
1 ' ctmen diluent (Genetic Systerrfs, Seattle, WA), then washed With PBS contamjno 0,OS% Twean 20 (PBS-Tw), 
I COS csn culture media containing fusion proteins was added at various dilutions and incubalad for 1 h at 

22**C. Known concantretlons of CTLA4|g ware also edded to separate wejle on each plate for a standerd curve. 
After washing, horseradish peroxidase (HRP)-conJugated goat anti-human IgG fTago, Bur)lngame» CA) 
20 luted 1:12|000 was edded end Incubated for 1h et 22*C, Wells were then washed and Incubated with 
3^\5,S tetranoethylbenzidlne (TMB) substrate (Genetfc Syetems) for 15 min before stopping the reaction by 
the addition of IN H2SO4, Optical density wea measured at dual wavelengths of 460 sruf 630nm on a microttter 
plate reader (Qenetic Systems). 

Canoentrallon of mutant Ig fusion protein was determined by compariaan with a standard curve of known 
7$ concentretlons of cTLMIg. 

/mmunopmc/pfto/M end W^starn bhi an^lyai^ CTLA4/CD28lg hybrid fusion proteins present In culture 
medio were adsorbed to protein A-Sepherose t>y overnight incubation at 4*0. The beads ware washed with 
PBS containing 0.1% Nonidet-P40 (NP40) then SDS R^GE sample buffer was added and the eluted protein 
was loaded onto an Sps polyecrylamlda get. 
50 Western blot tranafer of protein onto nitrocellulose was done by standard procedures. Nitrocellulose merr^ 
branes wefe than blocked with PBS containing 0,1% NP40 and 1% non-fiat^y milk powder. 

After washing In PB&-7W rnembrenes were Incubated with alkpttne phosphatase-oorvugated goat anti- 
human IgG (Boehrtnger Mannheim, IndjanapolK IN) diluted 1:1,000 end Incubeiedfor lh at 22*C. Blots were 
then washod and developed using standard procedures, 
ss B7 posXtvB CHO caff enzyma IrnmunoaasBy, The ability of CTLA4lg mutsni fusion proteins, and 
CTlA4/CD2fllQ hybrfd fusion proteins to brnd B7-1 stably expressed on CHO cells was determined by an eiv 
zyme Immunoassay. 

flound bottom t^ue culture treated 96 well microtlter plates (Cornlno» Corning, NY) were seeded wtth 
B7-1 poslthre CHO cells at 10* cellaAfvelt. IWo days later the confluent ceQa were fixed In 95% ethanol for 15 
« min. 

After washing ^th PBS-Tw, nnMtant Ig fusion prnteins were added at various concentrationa and Incubeted 
for lh at 4*'C. After-washing, HRP-conlugated goat anthhuman IgG (Tago) diluted 1:10»000 was added and 
incubated fiar lh at 27*0; 

Wells were then washed and TMB subBtrete added as ebove and allowed to react fcv 30 min b^fote efiop- 
4fi ping the reaction with IN HaS04. Absorbance of the we^s was measured at 450nm. 

C026/g afte'^cfedmueanf flrsion protein Nndlng assBy. S}le-dlrected nminnt fusion proteins of CP2Blg 
were asseyed for their ability to bind to B7-1 by an Indirect enzyme Immunoassay. 

Wells of EUSA plates were coated with a chimeric fusion protein coAtelning the extracellular domain of 
hmran 87-1 fused to e mouse IgGI Fc region, at S^g/ml for 1 6h 814*^. Wells were blocked for 1 h with epechnen 
so diluent (Genetic Systems) then washed with PBS-1Vv. COS cell culture media oontsining known concentrations 
of mutant fusion protein was edded et various concentrations and Incubated for 1 h at 22**C, 

Known concantretlons of CD26|g were elso added bo separate weds on each plate. After washing, HRP- 
conjugeted goat anti-human tgG (Tago) diluted 1:10.000 was added and Incubated for lh at 22*C. TMB sub- 
strate was added and optical deneltiea read as described fpr quantitation of Ig fusion proteins In culture n>ed(a. 
65 mAb ttinding to fg fuafon profe/na. The ability of 8nt|-CTlA4 mAb's end the anU-CD2B mAb fl,3 to bind 
CTtA4/CD2Blg hybrid fusion proteins and CTLA4lg mutant fusion protejns waa asseeeed by an enzyme Im* 
munoassay. 

Wells cf microtlter plates (Immukm Z) were coated with 0.5pgAnl of goat end-human IgG (Jackson) for 16- 
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24ti at 4''C, Plates ware blocked for 1h with specimen diluent (Genetic SyatBir»)« washed wlih PBS->. then 
(ncut»ted with the Ig fusion protefms for 1h at as^C. After washinSi wells were incuMed wtth mAb at liig/ml 
Ibrihm22*a I 

After futther washing, HRP^conjt^aetod fioal aptknouM )q (Jvqo) diluted 1;10,0Q0 was added and tncu- 
$ t^ated for 1 h at 22^. TMG substrate was added and qptica) denatfy meeKgred as descriM above. 

CJLA^ (nohcutwmtxtQL An appnwgmate thrBp-^JImernional model of the CTLA4 extracetlular dornain was | 
oeneriifted based en the conKervatton of consensus residues of IG^f varfab|e*nice domains- I 

Ualno conaensuft fo^ldues as ^anchor points' far sequence aKgnnriente, CTIA4 lesidues mm i 

assfsned to the A. C, C, C", D, G etrandb of an to variable fold (Wffflama^arofay, 1886, supra.) and 
10 the connectine loop regions (figure 22). 

The CTIM model vvas buitt (1nsjghtl|, Piscovar, fk^blecular Modelins Mechanics Profimms. reepeo. , 
ttvety, Bloaym Technologjea, Inc Sen Diego) using the variable heavy chain <rf HyHEI^S (Sheriff at bL, 1 987 ' ; 

PNAS 8^:8075-8079] as tampjote structure, Sfde<^rn rsplacementa and loop confoimatlons were appmxh 
mated using conformatfonal searehtng (8ruccp/ari e( pi., 1908 335:564^B8). 
IS Several vertlona of the modal yyfth niQdlf led assfgnmsnts of some resfdues to ^atrands or loops ware lest- t 
ed using 3D-prori!a anaty&ia (LOttiy et il., 1992, Nature 336:83^5) in order to Improve the Initial rtignmen* of 
the CTIA4 BXtraceliutar region sequence with an I6SF variable fold, 



1 RESULTS 
» 

I Construction arjd binding actMty of CTiAAlg and C028fg mutant f^^ pro(e/ns, A sequence atrgnment 

of various homaloguea of CP2B and CTLA4 is demonstrated m Figure 1 7 tn f fsura 1 7« sequences of human 
(H), mouse (M), rat {R)^ and chicken (Ch) CD28 are aligned with human and mouse CTLA4, Resittues are num- 
beved trom the mature protein N-tprminus with the signal peptides and (ransmembrana domains underlined 
25 and the Cpp-analogous regions noted. Dark shaded areas highttght compJete conservation of residues while ^ 
light shaded areas highlight conservettva amino acjd substftutlons in a|) faml^ members. 

Regions of sequence conservation are scattered throughout the extracellular domains of these proteins 
with the moat rtgorous conservation seen In the hexapepttde MYPPPY mocif located in the CDRS^IiKe loop of 
both CTIA4 end C02B (Figure 17). This auggeata a probable role for this region In the Interaction with a B7 
ao antigen, e.gp, B7-1 end B7-Z 

To teat this poearbllity, sUe-d;rected alanine aoannlng mutatlona were Introduced into this region of ' 
CTLA^tg using PCR oIlBonucjeotida pdmer-dlreQted mutageneals thereby resulting In CTLA41g mutant fuakm 
proteins. Slmllerty two alanine mutations v/era Innnoduced Into the CD26Ig MYPPPV motif thereby resulttng 
In CD2Bto mutant fusion proteins^ 
35 All cDNA constructs wem sequenced to confirm the desired mutations before tranefecHon Into COS cells. 
The ooncentrationa of mutant Ig fusion proteins fn serurn-frae COS caft curium media were detenmlned by on 
Ig quantitation asaay. 

The ability of each CTtA41g mutant fusion protein to bind to eiepreased on stabfy transfected CHO 
cells waa then determlnad by an Indirect celt binding Immunoassay. Binding of CD2aig mutant fusion proteins 
40 to B7-1 was assessed by an indtmct enz^a rmmunoassay. Each of these a&s^ys are detcflbed in MatBitols 

andli^ethoda. ! 

Mutaganeals of each oaeldue of the CTLMlg MYPPPV motif to Ala had e profound effect on binding to ' 
B7-1 as shown In Figure 18. Figure 18 shows that mutations In the MYPPPY motif of CTLA«lg and CD28lg 
disrupt binding to B7-1. Site-directed mutant tg fusion proteins were produced In transiently transfected COS 
45 cans, querrtlNed and tested for their eblllty to bind to B7-1. 

)n Figure IB fusion protein quantltaUons were repeated at least twice with rapficate determinations. Spe- 
cifically, Figure IB ihowa that CTLA41g rnutants bind to stably transfected, echanoj^bcad ^7'-H CHO cells 
gnswn to oonfluency in EUSA tlcsi^ oilture plates. Binding data ia expreaeed aa the averege of duplicate wells ■ i 

and Is repra^entattve of at least two expartmanta. 
fio Y89A and PI 01 A mu^nts bound to 37^1 but with conatderebly reduced ability relative to wild-type ) 
CTlA41g. tn contrast, the mutants MaOA, P100A, PIOZA and Y103A shewed an almoat complete lose of btnd^ '[ 
ing. Furthemwa, the CD2B|g MYpPPY mutants P103A and YitMA dW not dteplay detectable binding to B7^ ) 
1 irnmobiVwed on wells of EUSA piqtes (Figufs 18b). . ] 

B7-1 tranafectad CHO cells which ware Incubated with CTlMlg mutant fuaton protein, labeled with anth I ] 

55 human FfTc, and assayed using a FACSCAf^ showed equivalent rasulta. These pssulta dearly demonstrate • j 

a crtticaf role for the MYPPPY moUf m both CTLA4t9 and CD2aifi.blndinfi to B7-1 , | 

Chamdedz&Von of C%A^CD;tBig hybrid fushp protoim. Since the MYPPPY moHf Is common to both 
C7lA4lg end C02a|g, ft alone cannot account for the obaerved differences in binding Id B7-1 seen wtth t 

X 
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CTUMIfl and CD28»fl. Tf?e coni;1i»Mt»on or lew well copfiervad pbskJubs ta high avidity Wndtng B7-1 w«s ss- 
fi«ss6d uklnfi a aatlfts of hoMog tnutsrits. 

The three CpR-llkfi ragions of CD29 were replaced tn various oom^frMttons with the equhralent iBgions 
from the CTLA4 extreca^utef domain (FIbutb 19 and Tahte I). PsMie 19 ie b m«p of dlMtCOZBiq mMtant 
ff fusfOfi protetw ehowoB % finding activity to B7-1t CHO celje re|*tWe to CTlM-to- Coneerved cysteine m- 
: s)duei (C) ar« shown at postclona 22. d3 end 121 respectfvefy (crtA4 numt>artno)' Also shtMfn la the po&ltion 
of the MYPPfY motif, open ereas represerrtcp^s seqimnce; fined Areea represent CTIA4 sequence; crou- 
hatched qreas represern beginning of \gG Fc (e}80 refer to Table 1). Pereent titndlnfl acth4t)eK were detemilned 
by oomparing binding ourvea (FlgMm 20a/b) rajetwe to CTi^fg and finding the concantretion of a nwtent 
fo required to give the same O-lD. as that found ftw CTIAf-ig. The ratio of mutant protein to C7lA4-lg ooncain- 
Iratjon at a partioutpr 0,0. ma then expressed as % binding activity. At least t*/o M50 readings were taken 
fftHn the linear part of the CTLA4-|g bjndlns and the avarage % t>)ndlng acthdty detennfnad. 

A total of 14 hybdd cDNAconstruas wara prepared, sequenced, and tranafected into COS ccIIb. Concen- 
trations cf Ig fusion protein* In serum^rae culture media were detarmtned and their electrophorettc mobility 
IS compared by SDS-PAGE incjudlw Weatarn blotting analysis. 

Under reducing condlUons each chimenc protein migrated with a ratatlva mofecuiar masa ranging between 
that of CTLMtg (Mr-6QkEJa) and CDZBtg (Mr-70KOa) depending on the size of the exchanged region. 

Under non-redudng conditions the proteins migrated primarily between lQ0-140kDa indicating that these 
fusion proteins axlstad as disulfld^llnked dimars despite mutageneata of the cyscalne rdsfduas in the hinge 
» region of the Fc 

Since four of the five oonservad ^efne n5i4uB9 In CTLM and CD2a are thought to be Involved in In- 
tmchain disulfide bonds, dlmertsaifon of the fusion protalna was therefore most likely attrfbutabia to the ftf th 
conserved cysteine residue at position 121 In CTLM (position 123 in CD28). 

Binding of CTLA4/C0Zaig hybrid lUsion pwtem U> B7-1. The hybrid fusion proteins ware tested for their 
^ ability to bmd tq B7- 1 by the same Indinsd ce)) binding Immunoasaay used to essay the site-speclfk: CTLA4fg 
end Cp2Btg mutant fusion protalna. 

Unijar these conditions the binding between CD26|g and'fi7- 1 is barely detectable (Figures 20B/b). How^ 
ever, replacing residues 97 to 125 (the CDJWikB extended region) of CP2a with the corraspondtng residues 
of CTIA4 rasiiltad m an aj:>pro3iimatety two and s halt orders of macnitude incraase in tending of the C02fflg 
» analog to B7-1 (Figure 20B/b). Figure 2Qa/b shows that CTLA4/CDZ6tg mutant fusion proteins demonstrstte 
involvement of CDR-analogous regions in high avidity binding to B7-1 CHO oelta. Mubints were assayed aa 
descr/t}ed in figure Z Data ta expressed as the average of duplicate walls and b tapresentattve of at least three 
experiments, From these curves % binding acthrtty relatWe to CHAf-fg was datermlned as explained and 
shown In Ftgura 19, 

^ Binding to B7-1 by this construct, termed HS4 (Figure 19), Is qpproximataly five fo|d less than w))d type 
cnA4lg. The HS2 hybrid which incMdae additional N-term!nat residues of CTU4 (amino ac^ds V22}, did not 
impmve the ability of the hybrid mplacqle to bind to B7-1 relatjva to HS4. 

The HS6 consiruct whtch represents t\\e CTlA4lfir sequanoe except that tt contains the CDHIHIKe region 
of CP2S (residues 25-32), bound similarly. Htwever, the additional ln<^usbn of the CTIA4 CORI-ff ke rag^ 
4a (resMuea 25-32) Into the HS4 construct (tsmied HS7). showed further improved binding so that the binding 
affinity Is i^pproximBialy 44% of cnA4la (Flo«r» 19)- 

in contrast (ncfustan of the cpf^^lke region of CTLA4 (rasiduea 51-^) Into HS4 (oonatnict HS10), (fid 
notfurther increase binding (rrgura 19). Asinfflar result was found for conetmctHSU which had all thrse CPR- 
like region sequences of CViM included Into CD2eig. The HS5 hybrfcl which contained only the CDRI-flke 
45 domain of 071^4 bound at vary low lavala. 

Tha CTLA4/CD2BIg hybrid HS4-A encoded CTlA4lg residues 96-113 In the 0-termlna|Iy extended CDR3- 
like region: nine CTIA4 derived realdMaa fewer than (Figure 19 and Table f): H54-A bound B7-1 CHO cads 
less well than HS4 (Flqures 19 and 20b). However^ addition of the CTLA4 CDRI-llke loop (HSfi hybrid). In- 
craased BT-i binding from about 2% to n^nrt^ 00% of wild type binding. 
AD On the other hand, additkm of the cnA4 C|D824lke loop into HS4-A (H312} did not incraaaa binding ral^ 
attve to HS4^ neither did addition of all three CTU4 CDR-like reflk>n» (HS13. Figure 19). 

Another hybrid called hS4<B, encoded the CD28 CDRS^lKe regkm Including the MYPPPY moUf follQWBd 
by CTtA4 residue* 114-122 fTaWc I and Figure 19), 

HS4-B and HSA-A displayed similar binding to B7-1 , Unlike HS4-A, however, the Inclusion of the CTLM 
« CDflHike k)op Into HS4-B (HS9) did not Improve Wndfnfl (Figure 19), aussoattng that rasidues immedtatoiy 
adjacent to (he CTCA4;g MYPPPY motif were important determinante In high avkJily binding, 

Monock>/t9} antibody bindtng to cnA4/CD26tg hybrtd fusion proteins. The atnicturqf Integrity of each hy- 
brid fusion proialn was examined by assassins thalr ability to bind mAb's specific for CTLM or CtttB In an 



APR. 23. 2003 11 :52AM 609 252 4526 



NO. 570 P. 28/32* 



enzymft Invnunoasaay. TYia CTLM specific mAb'a 7F6, 11 D4 and 1QA8 bfocK Itgand binding (Unsfay at al, 
(1992) supra.), 

Thaaa aptlbodias boMnd to each of tha CTLA4lg mutant f uajpn protain^ axcapt 11 D4 which fajlad to bind 
to P100A and P1Q2A (Table ||). Since 7pB and 1 QAB bound to these mutants, the lack of binding by 11D4 can 
probably be ettributad to mutagenosja perturbing ths epitope raoogniied by 11 D4. 
I Converaely. each aptlMy feflod to bUid to any of the homqlpg acan hybrid fusion proteins except 7FB 
'which bound to HS8, and 11P4 which bound waakty to HSS, Ai many of these homolog hybrid fwshn proteins 
wana, to some axtam, able to bind to P7-1. rt fs KMy that lack of blndjnQ by th« antlbodleB was due to dfsniptron 
of conformatione^ apftopes formed by spqtfqny adjacent but npn-tlnaar sequances. 

The CP28 Gpedffc mAb 9.3 (Unatey at q). (1892) aupm.) failed to bfnd to either of the CD2& sltMiractad 
mutant Tuakm prntsins but bound to the hybrid fusion proteins HS4, HS^-A, HS7 and HS6. With HS2. weaker 
binding was observed. Nq binding was seen with the H&5 an i HSB constructs, 

CTLA^mothh FlsunB21 shows a schematic raprasentatto i of the C1VA4 mode). The assignment of CT^ 
residues to CDR-|)ka ragk^ns }» shown \n Rgure 17, 7>ie CTU 4 mode) suggests the presence of an addjllonal 
(non^) djsglf fde bond between residues Cys49 and Cys67 vhlch supports the sincerity of CTLA4 and tha 
Ig vailabfe fold. 

The two poBsltsle |Nf-linked gf yccrsylatton sttea In CTtA4 mi ip to soh^ent exposed positions of the Ig p-etrand 
f ramaworK regions, ao-profffe anatysra Indicated that the CTLM sequence Is overaO oompatlble with an Ig V- 
fofd, albeit more distantly rMated, 

Residue Val115 rapraaents the last residue of the CTLA4|Q-l))ce domain. The conformation of the region 
between Vail 16 and the membranerproxtmal Cys121 Which 1i ; thought to fonm the CTLA4 homodimar ts highly 
variable in the CD28 family- The pinture that emerges Is thai CD2B family members mainly utiltza residues in 
two of three CDR-IIke regions for binding to B7-1 . 

The MYPPPY rr>otff represents a conserved scaffold for binding which appears to be augmentad by Its 
C-tarmlrtal extension and which is specifically modulated by tha highly variable CPRI-Iike region. CDRd and 
CDRVIike regions am spatiafly contiguous In Ig-vsrfeble folia. The C0R2 like rsgkin is spatially distant and 
does noc In the case of the CD28 famHy, significantly contrbute to the binding to B7-1. 
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{ 1 Z&HXiB II. Binding of CTXA4 and CD2B tnonoclonai. antibodieB to 
* ; 5 CTIA4Iq and CD28Ig mutant fusion protein? and to CCIAi/CDZaig 
, i hybrid ftuion proteins » 

fliiti*CTOA4 mXba flntl'CB28 ttftfa 

7F8 11D4 lOXB 9.3 

C3M4Xg WOTP ryfiZgg PfiCTBIP 

AYpypT -t-H- +t+ -ei-i- 

mPFY + - + 

mrPAPY +++ "M-* -^-H- 

)fTPPPX ^-H- ++ +++ 

CP29Xg WniftyP fUSIOM ERCmSXH 

ifYPJAY - - ' - 

»mn - - - + 

CTlA4/CD28Ig HYgRtP FpSIOH PHQTEIKS 

HSl ^ - - - 

HS2 - - . + 

HS3 - - - 

HS4 - - 

HSS - « ^ ^ 

HS£ + „ • . ' 

KB4-& - . ^ ++ 

HS4-B - - « ++ 

HS7 ^ • ^ +++ 

HSp - + - +++ 

- + , - 

HSID ^ - « - 

B311 

H312 ^ ^ ^ ^ 

HS13 ^ ^ - 

HSX4 

CTUk41g ++++++ -HH- ^ 

CD2BIg - - - t++ 

Antibody binding voq rated froa that saea for vild typa pro 
(■M-f) to abova backgrraund (+), and no detectable binding 
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(B) COMPTTFERs IBK PC compatible 

AS {C} QPeRA?ING SYS?^: PC^DOS/NS'DOS 

(O) SOPWAREe PocentXn Ralaase fl.P, Version #1.25 

i - 

(vi) CURRENT APPLICATION DATAs 
« (A) APPLICATION NUMBERi 

(B) FILING I2ATE: 

(C) CXASSIFICATION: 

^ (viii) ATTORNET/ AGENT IHPORMATIOS* 

(A) NAME; Adriano, Sarah 

(B) REGISTRATION NUMBER: 34,470 
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(CI REFERENCE/DOCKET MUHBERi 9643 

^tx) TELECOMOTNICATIOH INFORMATION; 

(A) TELEPHONE: (31D) 312-9900 

(B) TELEFAX: (3X0) 479-B340 

(2) IWFORIIATION FOR SEQ ID NO;lJ 

(1) SEQUENCE CHARACTERISTICS: 

(A) 3UENGTH: 39 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANPED^SSs single 

(D) TOPOLOGY: linear 

(ii) jaOLECULE TYPE: DNA (gsnoipic) 

(tii) HYPOTHETICAL 5 NO 

(ivj ANTI-SENSE s NO 

(Vi) ORIGINAL SOtmCEs 

(A) ORGANISM: Homo saplans 

(Xl) SEQnENCE DESCRIPTION: $EQ ID N0:1 

CTAGCCACTG AAGCCTCACC ATGGGTGTXC TGCTCACAC 

(2) XNFORKATIOH FOR SEQ ID N0-.2: 

(i) SEQOENCE CHARACTERISTICS: 
(A) LENGTH* 39 base pairs 
(R) TYPE: nucleic acid 

[C) STRAKDEDNESS: single 

(D) TOPOLOGY; linear 
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(ii) MOMCOLE TYPE; DNA (genomic, 
(iii; HTPOTHETrCAI.! no 

(vi) QHIGIKai, SODRCEs 
„ (A) ORGAHISI.. Homo sapiens 

PBQUEMCi: DESCKIPTioN, SEQ » »0:2: 
„ TGGCA«5G« trCC«U«UG G^OUfiS TCCGGGAA* 
(2) IHFORMATION FOR SEQ ID NO: 3: 

(i) fiEQDEHCE CHmCTBKISa-ICS, 

(A) LENGM: 39 base pairs 

(B) T»E: nucleic acid 

(C) SaauWDBDNESS, Bingie 

(D) MPOfcOGT: linear 

(il) *OMCOLE TYPE; {genomic) 

(iii) HTPOIHBTrcAls nq 

(Iv) AMTI-SEMSE: HO 

(▼1) ORIGIMM, SOURCE: 

(A) OHGASiSH, Homo a^pUnm 

™ggc«:c tg*«:*ggm mtgctctxc 
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(2) I»FQmTIO« PQR SEQ ID N0s4: 

„ (1) SEQUENCB CHWUCffERISWCS, , " 

(A) LENGOiHt 64 base patre 

(B) nPP; nucXoic acid 

rs TO?pLOGY» iJUioar 

(11) HOLBCttti Tjpyg, j^jp^ (genomic) . 

^ (lii) ffirOTHETIOtf,; NO 

(1V> AKTJ^SEBrses MO 

^ (vi) ORIGIK^L SOURCE, 

(A) QRGAMlgMi Homo aaplona 

^ (itl) SEQUENCE DESCRIPTIONS SEQ ID m.^, 

(2) iWPORMATtOK PQR SEQ ip ]p^o=5: 

(1) SEOIteWCH CRARACTBRISTICSI ' 

(A) LB»Q!Pflt, 41 t»aiie paira 

(B) TYPEi nucleic acid 

(C) SJOUWDBDWEss, single 

(D) TOPOLOGti lijxenr 

(11) HQLECOr^ TOPE, torot fg.nQ«ic) 
(lU) ffifPOTHETlCALi KO 
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(iv) ANTI^SENSE: m 

g (vi) ORIGIUAt. SODRCE: 

(AJ OftGAHisM. Homo aapiana 

IXi) SEODENCE DESCRIPKON: SKQ ID NO.S.- 
CTTCSACCAC TCTA^eCA «:CTCGTaCG ACCGCOAOAG C 
„ (2) IWOWUTIOM FOR PEQ » NO.fi, 

(i) SEQUENCE CHWUCTERISTICS- 

(A) LEHSTO: 47 baae pai^ 

(B) TWEs nucleic acid 

(C) STIUMDEDMESS; elngla 

(D) TOPQLoGr: linear 

(ii) MOLECULE OWE, dju (genomic) 

38 (iii) HWOrHETlCAL: no 

(Iv) AMTI^SBNSS: NO 

" ORIGINAL SOURCE: 

(A) ORGMJiSMs aoao sapiens 

(Xi) SEQDEKCE DBSCRIPTiq„. jEQ ip »o:6: 

CAn«c^ «:.AGca^ atgcccat« gt«:«:,^ caccto^ 

(2) INPORKATIO*! FOR SEQ ID NDi7s 

(i) SEQUENCE CHXHACTERIS WCS ; 
(A) LEKGTOi 39 base pal^g 
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(B) nPE: nucieic acid 

(C) STRAMDEDNESS: aingle 

(D) TOPOLOGT: linear 

(II) MOtECtffiE ™: DHA (genomic) 

(Hi) HYPOTJIETICAI..- NO 

(iv) *N!ri-SENSBi NO 

(VI) ORIGIKM, SODRCB! 

(A) ORSANISH. HQBio Baple™ 

30 

(XI) SEQDEHCE DESCRIPTION, SBQ ID H0,7: 
„ ATCCAOVGTG CAGIGAyaia! TCGGATCCTG GCATGTGAC 
(2) INFORHXTION FOR SBQ ID N0:8s 

" (^) SEQUENCE CHWUCTERiSTicS. 

(A) LEHamt 65 base paira 

(B) TXTBs nucleic acid 
K (C) S-ERANDEDHBSSi single 

(D) TOPOLOGT; liaear 

^ (U) MQLEcnLB WPE: DNA (genomic) 

(iii) HXTOtRBETXCAZ,! ND 
« (ir) AWPI-SEMSEs NO 

(vi) ORiciHM. potmcasi 

(A) ORGAWSH. Hobo sapiens 
SEQUENCE DE5CRtPTiOH= sEQ ID N0=8.- 
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cc«^ ^^^^ 

90 -65 
(2) IMTORHATIOW pon SEQ ID N0:9 = 

(^) SEQOBNCp CEmCTEIUsa?ICS: 

(B) TO>a: nuciale acid 

(C) 5T1UWDSDNSSS5 single 

(D) TOPOLOGT, linear 

(iii) woraraicAr,? no 

(iv) ANTI-SENSE: NO 

(Vi) ORtGXMXL SOimcB: 
, (AJ OBGANXSNs Homo eapiena 

SEQlteNCE DESCRIPTION, SBQ ID N0 = 9: 
™«GGCTCC TGATCAGAA5 CTGGGCACGG ITC 
(2) INFQRHATION FQR SEQ ID N0:10: 

(A) S50II5NCE CHMUCTERlSTlCSi 

(A) LENGTOi 72 haia pairs 

(B) TTPEi nuololc aeld 
(CJ STBANDKDifjssS: lihgla 
(D) TOPQirfjGT: linaar 

(il) MOLECULE TTPEi DHA (genomic) 

(ill) Hn»0!PHETlCALi NO 
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i^^) ANTr-^ENSEs NO 

(vi) ORlGlNAt SODRCBi 

(A) ORG^isM: Homo sapiBM 

Sc*^'J^ r"^^' "^"^^^ ^^^«--<= CCO^ ,0 

72 

(2) WORIUTIOM FOR SEQ ID NOill, 



Ci) PCQUEMCE CHmctPERISTlc^: 

(A) I^EJlGlSHs 33 baao pai^, 

(B) WPBi nuclQic acid 
,5 STOAUOEDKBSS: alngl^ 

(D) iTQPOIJJGVf linear 



(li) HOLBCULE TYPE- DNA (genomic) 

<ili) HTPOTHESPICALi HO 

(iv) AMTI^SENSB: Np 

{vl} QRlGXltti, BOPRCT: 

(A) ORGAKlSBlt Homo aaplena 



ix±) SEPTOHCC DESClOTtriON, SBQ in MO^ll: 
^ CCAATGCACG TCGCCCAGCC TGCI^IMta GTC 
(2) IKFORHATION FOR SEQ ID NO: 12: 
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SEQDENCE CHmCTERlSWcS: 

(A) tENGTO, 4S base pai„ 

(B) mE, nucleic acid 

(D) TOPOLOGT, linear 
CU, «OI*ctn,E TYPE: ,,,„,^^j 
Cili) HWoaMEpi^CAL: No 
(iv) AMTI-SBUaE- MO 

(^ij ORIGIJOU. SOURCE: 

(A) ORGANISM: hq«o aapiens 

SEQUENCE OHSCRXP^io,, „ ^^^^^^ 

--^AACX ^^^^ ^^^^^ ^ 

(2) IKPORMATION PGR SBQ ID N0:13, 

(i) SEQtJE»CE CHARACTERISTICS- 
(A) LENGTH: 56i b„e pai^a 
(fi) TYPE: nucleic acid 
(C) STRAMDEDHESS.- single 
(DJ TOPOuwy, linear 

(U) MOlEcnifi XYPB: DKA (genomic) 

(Ul) HyPOTHETlCAL: NO 

(iv) AUTI^SENSE: NO 

(Vi) ORIGINAL SOURCE, 

(A) ORGAHXM. Ho»o „piena 
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tU) FEATURE! 

(A) KAME/KEYi CDS 
(H) LOCATIQM, L.sex 



l^) SEQUENCE DESCRlwxoiT; sBQ ID N0:13 = 



25 

" 30 
WC CGG GTC AC* cms CTT CSC r»r «.» ^. 

thr val Arg Gin ^la x«p Ser Gin Val ihr Glu va 

^ tet Giy AB„ Glu I^u -mr Phe Leu A«p A«p 
" 60 

65 11- 

'= BO 



9C 



144 



*»9 *1. H«: A.p n.r GJy ^ ^ 

CTC ATC TAC CCA CCC Pf^ m^/^ 

L.- «.t ^, p,^ ^ '^'^ ™= ATA GGC AAC GGA ACC CAG 336 

" I-„ Giy xla Gly A.n Gly Th^ Gin 

110 
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ATT TAT GTX ATT GAT CCA GAX CCC TGC CCA GAT TCT (SAC TTC CTC CTC 384 
lie Vyr VaX lie A«p IPro Gl« ^ro cya Pro ^s^^ Ser AAp Phe V^a Xm 
lis 120 125 

TBG ATC CTT SCA 6CA err AGT TCG GGG TTC TIT TTT TAT AGC TTT CTC 432 
Tip lis Leu Ala Ala 7al Ser Ser Gly Leu Vhe Phe Tyr Ser PKe lieu 
, 130 lis I4Q 

CTC ACA GCT GTT TCT TTG AGC AAA XTG CTA A&G AAA AGA AGC CCT CTT 460 
X^u Thr Ala Vul Bar Leu ^er Lys Het Zau X^e Lye Ar^ Ser Pro Lau 
14S ISO XS5 160 

ACA ACA GGG GTC TAT GTG AAA AZG CCC CCA ACA GMS CCA GAA TGT GAA 526 
Thr Thr G^y Val Tyr Val tyn Met Pro Pro Thr Glu Pro GVa Cya Glu 
165 170 175 

AAG CAA TTT CAG CCT TAX TTT ATT CCC ATC AAT 561 
Lyp Gin Phe Gin Pro Tyx Phe He Pro lie Aa/i 
IBO 185 

(2) XHFOtUIATXaH FOR SEQ ZD HO;ll: 

<1) SEODEJICE CHARACTERISTICS t 

(A) USKCTRa U7 amino aeldv 
(&} TITS: amino acid 
(tJ) TQFOUXST: linear 
(il) NQLCCtlLE TtFC; {krotain • 

(Xl) SEQITEHCE QESCRlPTXQMi SSQ ID K0iI4| 
Ala Met His Val Ala Gin Pro AI& Val Val 2*eu Ala Ser Ser Arg Gly 
15 10 IS 

Tie Ala Ser Pbe Val Cya Gle Tp: Ala Ser Pro Gly Lye Ala Tbr Glu 
20 25 30 

Val Arg Val TKr Val X^en Ar^ Gin Ala Aep Set Gin Val Thr GlU V«l 



41 



.23.3003 11*-55PM ^ 



-N0.571 —P. 10/21. 

e09 252 4526 ' 



35 40 45 

6 

Cya Ala Ala Thr Tyr Jjet Hat Gly Aan. Glu h^u Thr Phe Lau Asp Aap 
50 55 €0 . 

M Sar He Cya "3?Kr Gly Thr Ser Ser Gly Asn Gin Val Aan Leu Thr lie 
65 70 75 80 

Gin Gl'y Lea Arg Ala Het Asp Thr Gly Leu Tyr lie Cye Lye Val Glu 
BS $0 35 

Leu Met Tyr Pro Pro Pro Tyr Tyr Leu Gly He Gly Aan Gly Thr Gin 
100 105 110 

20 

He Tyr Val He Asp Pro Glu Pro Cya Pro Aap Ser Aap Pha Leu Leu 
115 120 US 

Trp He Leu Ala Ala Val Ser Ser Gly Leu Phe Phe Tyr Ser Phe Leu 
130 135 140 

^ Lei] Thr Ala Val Ser Leu Ser Lys Ket Z4du Lys Lye Arg Ser Fro Lsu 
14S ISO 155 leo 

^ Thr Thr Gly Val Tyr VaJ. Lys Met pro Pro Thr Glu Pro Glu Cya Glu 
165 170 175 

Lya Gin Phe Gin Pro Tyr Fh« He Pro He Aan 

IBO IBS 



4r cuima 

1. A CTlA4/CD2a tiybrid f usjon iNolein wartive with P7 anlloen comprttinfl UO a f irst ^minp acjd cequonoa 
if « fragmartt of the axtracanutw dorpein of CDZB f utad to a second amino aoid saquanca; (b) the «Bcond 
amino actd saquenee ccfripristng a fnsmani of tha oxtraooltulqr raalon or CTLM; and (c) a third anrdno 
M ack) sequence comprislna «mlno acid reatdiies of the hinae^ CH2 and CH3 raoion« of human immiinoglo- 
t»4«nCyi, 

t. The CTU4/CP2B hybdd fueion protein of claim 1, vwhofein the first amino acid sequence |s amino acid 
ras|du88 1 - 24 and 97 - 125 of C028, and the second amino acjd aaquence is amino actd residues 25 
« S5ofCTLA4. 

1. The CTUV4/CD2? hyWd fuskm protean of claim 1, wherein the flwt amino add sequence |e amino ackt 
residues 23 n 96 of CD2S. and the second amtno acid sequence k amino acid reatduee 1 - 22 and 96 ^ 
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l23c(rCTLA4, 

4, Ttia CUAAiC^B fusion pmlpin of c}alm 1, whwein the firet amino acid sequenca is amino add 
rasiduea 97 - 1 25 of CDZa, arvt the aocond amino add sequance (& amliH> acid residues V 96 of CTLM, 

S- Th» CTUA4/CD2B tiybrfd fusion protaln of dalm 1 wheratn the first amino acid asquerice is amino add 
raslduas 1 - 94 of and tha second amino acid saquence ta amino acfd malduas 96 - 123 of C71A4. 

The CTIA4>CD28 hybrM fusion protein of daim 1, wharalh the fliat amino acid aaqueno* ta amino add 
fo residues 1 - 24 and 37 - 125 of CD28, and the second amino ^ saqManea Is amino add resklMas 25 - 

aaofCUA*. 

7. Tha CTLM/CDZB hybrW fusion protam of daim 1, whsraln the ftrst amino add aaquonca la amino add 
residues 25 - 52 of COZB, ^nd the aacond amino add sequence Is amino acid residues 1 - 24 and 37 - 
f5 123arCTU4. 

a. The CTLA4/CD2B hybrid fusion protain of dalm 1 . Wherein tha first amino add asqvenoe Is amino edd 
reaiduas 1 - 96 and 116 - 125 of CD2e, and the second amino qdd sequence Is amino acjd residues 96 
-114ofCTlA4, 

20 

9. The CTMv4/CD2a hybild fusion proNn of daim 1 wherein the first amino add sequence Is amino add 
rBsldusal - l1SarcD2a,andthasecondamlnoaddsequence|8amtnoacfdrBsldues'|l4-' 123orcTLM. 

10. The CTLA4/CD2a hlfbrtd fusion protein of dalm 1, wherein the first amino acjd soquonce Is amino add 
2S residues 1 - 24 and 32 . 96 of €026, and the second amino add sequence fa amino add residues 25 - 

32 and 96^123 of CTLM. 

11. The CTUA4/CD28 hyt»rid fusion protein of dalm 1. wherein the f Inst amino add sequence is amino acid 
residuea 1 - 24, 33 - 96 and 11 6 - 125 of CD2a, end the second amino add sequence is amino add residues 

» 26 - 32 and 96 - 113 of CTLM- 

12. The CTLM/C02a hyMd fusion protein of dalm 1, v^^rsln the first amino add sequenoe Is amino edd 
residues 1 - 24 and 33 - 11 Q of and the second amino acid sequence (s amino add rssldues 25 - 
32 and 114 -123 of CUM. 

13. The CTUA4/CD2a hytu^ fusion protein of dalm 1. whersln Wie first amino add sequence fs amino add 
residues 1 • 49 and SB 96 of CD2a, and the second amino add sequence Is amino add residues 51 - 
56and9B-l23cnAt 

14. The cnA4/CD2e hyhrid fusion protein of dalm 1. wherein the first amino add sequence h amino add 
residuea 1 - 24, 33 - 49 ani^ SQ 96 of CD2a, and the second amino acid sequence is amino acid reatdUBS 
25 - 32, 61 - 58 and 98- 123 of cmA4. 

15. T>ie C71>4/CD2B hyWd fusion protein of daim 1. wherein the first amino acid sequence Is amino add 
residues 1 - 49. 68-96 and 118-125 of Ct)28, and the second amtno add sequence la amino add reaWues 
51 - 58 anc< 96 - 114 orCTU4. 

16. The CTLA4/CD28 hybrW fusion protein of dqjm 1. wherain the firat amino add sequonca is amino add 
rssMuea 1 - 24, 33 - 49, 58 - 96 qnd 118 . 126 of CD26, and the second amino add sequence Is amino 
add residues 51 • 56 and 96 - 114 of CTLM, 

17. The CTLA4/cp2e hybrW fusion protein of dalm 1 , wherein the first amino add aequance |a amino odd 
residues 1 49 and 68 - 125 of CD28, and the second amino pdd sequence is amino acid residues SI - 
SBofCTp^4. 

as 

16. A mutant cy\M wherein any of the anwno acid residues 98 - 103 which comprisea the amino add ee- 
quenca MYPPY are replaced by dantna. 
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10, The mutOTit CUM of ctatm 1B, wherein the amino acfd Beqiienca 88 - 103 oomprltei the amiDo qcid le^ 
quenca AYPPPY. MAPPPY. MYAPPY. MYPApY, MYPFW. PYPPPAor AAPPPY. 

7HL A mutant CD28 wherein qrry of amino add residues 89 ^ 104 which aomprtoea the amino acid Mquanca 
s MYPPPY are reptacad try alanine. 

21. The mutant CD28 of cfaim 20, wherein amino acid residue 1 03 or 1D4 are replaced by alanine. 

2Z A composliion comprislna any CTLA4/CD28 hybrid f uaian pmtatn dt any of dalms 1- 17 for use In regih 
io latino an Immune reaponse tv blocking e B7 intenactfon with (ymphocrytes. 

2X The composition of dalm 22 further comprtsino an M binding molecule. 

24. The composftkin of cla|m 23, wherein the 1L4 tMndtng molecule is a monoclonal antibody which specif Icafly 

i t9 raoogntzes and binds to |U or a soluble \IA receptor which recognlzea and bhds to lU. 

I 

', 2fi. The compoaliions of anyone of claims 22 - 24, wherein the lymphocytes are B7 positive lymphocytes. 

28, The composltlona of anyone of claims 22 to 24, whecein the Immune rasponae {> a B cetl response re- 
30 suiting In tha Inhibition of antibody production, a T cell response resulting In inhibition of celt medtated 
immunity onhe immune response is an Inhlblttpn of lymphocyte proliferation. 

27. The cnrnpoaltion of anyone of daims 22 to 24 , wherein the composition Is for use in inhibiting transplant 
rejection In a subject, the subject t>elng a reqpient of transplanted tisaue, 

25 

2ft, The compositions of daims 22 to 24, wherein the composition Is for uso in inhlbiUng graft versus host 
(||saase. 

28, Use of CTlA4iCD2B hybrid fusion proteins for preparing a pharmaceutical cDmposttion as deftned tn 
30 dalms 22 to 24 for regulatlns an immMne response t>y bfocKIng a &7 Interactkm with lymphocytaa. 

30, Use of a CTLA4/CP2a hybhdf uslon protein for preparing a pharrnaceutlcal composition acoondino to datm 
29, wherein the lymphocytes are B7 positive (ymphocytea, 

ss 31. Uaa of a CTLA4/CD28 hybrid f uajon protein for preparing a pharmaceutical oomposUlon according to darm 
29, wherein the immuns response (s a fi cell response resultlna In the Inhibition of antibody production, 
a Toen reaponse rauiUing In inhibition of celt mediated tmrnunity or the Immune response is an Inhibition 
of lymphocyls proliferation. 

40 
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Figure 10 
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